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FOREWORD 

Th1s document 1s an e~posure asse~sment for asbestos-contaminated 
ve~1cul1te, developed for the U.S. Envir~nmental Protection Agency 
(EPA), Offtce of Toxtc Substances (OTS). It reviews the available exposure data for asb~stos 1n verm1culite, and estimates asbestos 
exposures to workers and consumers who come 1nto contact with 
asbestos-contaminated verm1culitP.. 

OTS has long been concerned about human exposure to asbestos. OTS 
beca~ interested in asbestos-contam1nated verm1cul1te as a result of 1ts concern for exposure to asbestos. 

Inforw~t1on for the expo~ure assessment was sought through a Hterature search, d1scusstons w1th U.S. Government regulatory agenc1es, d1scussions with a consultant to the vermiculite 1ndustry, and a 11mltea asbestos sampling and analysis study conducted for EPA at several s1tes work1ng 1n the vermicul1te 1ndustry. Many information gaps exist in tt.is exposure assessment. As of its wr1t1ng, however, this report is believed 
to represent the most up-to-date attempt at characterL.i ng human 
exposures to asbestos 1n asbestos-contam1nated verm1culite. 

v 
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l. EXEC~TIVE SUMMARY . 

Verm,cul1te \s a m\caceous hydrate of ~~gnes1~m. \ron, alum1r.um, ~nd 

s111ca. It often coex\sts 1n nature w\th asbest1~1rm m1nerals, and th~ 

asbe~tos may rema1n as a contaminant through proces~\ng to end use. The 
major process1ng step, exfol1at1on, 1nvolves heating the m\neral to dr1~e 
off part of the nydrat1on water; th1s produces s~~11, 11ghtwe1ght, 
10',.'-dens1ty p1~ces. Most verm1cu11t~ products use the exfol1ated m1!lera1 
and fall 1nto one ~f three categor\es: 11ghtwe1ght aggregates, 
1nsulat1on, and hort1cultural and agr1cu1tura1 products. 

Exposure to verm1cu11te contam1natec w\tn asbestos occurs v\a 
1nhalat1on; 1ngest1on and dermal absorpt~on are ~ns1gn1f1cant rout~~ of 
exposure. Verm1cul1te 1s relea~ed to the a~r du~1ng m1n1ng, m1111ng, 
exfo11at1on, transport, and use. These releas~s ~l~o 1nvolve release of 
asbestos f1bers, wh1ch are rP.ad1ly transported through the at1110sphere. 
E~po~ure to asbestos-contam1nated verm\cul1te \s dn occupat1onal and 
consumer concern, and occurs v1a amb1ent a1r ne~r po\nt sources. 

Occupat\onal asbestos exposure ievel~ ~Y r~ach 1.9 flee ~n m1r.1ng, 
9.7 ticc \n b~nef1c\at1on, and 0.38 flee ~n ~~fo!1at1on. These expcsurcs 
affect a relat1vP.ly small populat1on of abcut 2,4UO people. A much 
larger numher of persons may encounter asbestos dur1ng craC~ or 
commercial use of verm\cul1te products, but are ex~e~ted to recc1ve lower 
exposure. 

A large number of consumers use verm1cul1te products that may be 
contarn1nated w1th asbestos. Over 74 m\11\on persc~s use lawn and garden 
fert111zers e~ch year. If the fert111zer 1s verm1cul1te-based, est\mated 
exposure levels of 4.4 :;glm3 and 28 pg/m3 could result from lawn 
treatment and gardening, respe~t1vely. A t1me-we1ghted average ex~osure 
level of &BOO ll9fm3 asbestos \s est1~~ted for consumers 1nsulat1ng 
the1r att\cs w1th 1oose-f1ii verm\cul1te: th1s cou11 affect lSB,OOC 
persons per year. T~ese est1mated consumer exposures are based or, the 
worst-case assumpt1on tilat verm1cu11te cor.ta\ns 1 percent asbestos. 

A larga populat1on 1s exposed to asbestos 1n ambient a1r ne~r 
verrn1cu11te po1nt sour:es. Approximately 13 m\11\on persons are 
est1rnated to l\ve near extol1at1o:. plants, and the~r as!::estos ex.,osure 
level may reach 0.025 >~91m3. A smaller number of oerscns 11·,~ near 
m1res and mt11s and rece\ve an unknown asbestos exposure. 

Th\s exposure assessment represents the best poss\ble estimate cf 
exposure to asb~stos f;·cm verm1cu11te. ~any of the scenar~os are based 
upon very broad assumpt\ons s\nce def1n\t1ve data are lack\ng '" many 
areas. 
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2. INTROUUCTION 

2.1 Background 

V~n~tcultte \sa m\caceous m1neral, a hydrate of masnestwa, \ron, 
alum~n~. and s111ca. The raw ore, when heated, expands (exfo1~ates) to 
form low-dens\ty p\ec~s. Exfol\ated verm\cul\te 1s used primar\ly in 
11ghtwe1ght concrete aggregates (21.4 percent of total production), as an 
aggreQate and for f'reproof\ng 1n construction premises (11.3 percent), 
as loose-f\11 or blocK-fill \nsulat\on (13.9 and 15.9 percent, 
respect1vely), for hort\cultural uses (13.2 percent}, and as a carr\er 
for agr1cultura1 chemicals (15.4 percent) (JRB 1982). Crude 
(unexfol\ated) verm\cu11te \s used 1n gypsum wallboard (6.7 percent) and 
has numerous m\nor uses (JRS 1982). 

Venm1cul1te has been m\ned \n the Un1ted States since 1929; four 
m\n\ng s\tes aie currently 1n operat1on. W.R. Grace and Company. the 
largest do~st1c supp11er and user of verm1cu11te, acKnowledged 1n 1971 
the presence of asbestos contam1nat1on 1n the ore m1ned at the1r L1bby, 
Montana fac\1\ty. Even after the ore was processed to remove 1mpur1t\es 
(benef~c1ated), some amphibole asbestos was detected \n the ver~\cul\te 
(USEPA 1980a). 

The l\bby ore was used for some years by the O.M. Scott an( Sons 
Company 1n the1r manufacture of agr\cultural chemicals. In 197~. O.M. 
Scott and Sons reported health problems exper1enced by employees involved 
1n verm\cu11te processing. Bioody pleural effusions had been dst~cted \n 
4 of 350 ~~rkers; a follow-up study by the Occupat\onal Safety and Health 
Ad~1n1strat1on (OSHA) found 32 cases of pleural or 1nterst~tiai 
abnon~allt\es. The nature of these \llnessE-s was ~\m\lar to cond\t\ons 
seen \n 1nd1v1duals w\th asbestos-related d\seases (USEPA 1980a). 

These f1nd1ngs led to a Pr1or\ty Rev1ew Level 
perforr~d by EPA's Assessment 01v~s1on 1n 1980. 
exposure assessment 1dent1f~ed numerous d~ta gaps 
only by an 1ntens1ve mon\tor\ng effort. 

1 study ( PRL-1) , 
The PRL-1 pre11rn1nary 
that could be filled 

Th\) mon\tor\r.g effort was begun under the d\rect\on of the Exoosure 
Evaluat~on 0\v\s\on of EPA in 1ate 1~80. It was des1gned to deter~1ne 
the degree and type of asbestos contam\nat\cn found in vermiculite from 
various s~urces and 'n var\ous states of process1ng. The scope of the 
mon\tor1r.g study was altered after a or1or1ty sh1ft w1th1n EPA. ~ost of 
the samples were ta~en from verm\cu11te min1ng ar.j m\lling operat1cns. 
w\th a few samples t.31:en frcm verm\culHe exf:~11at1on (HRI 1982). 

Preceding p3ge blank 3 



Th1s exposure assessment addresses the data found 1n verm1cu11te \ndustry records. the 1nfor •• ~at1on ln the PRL-1. the mon1tor1ng data obta1ned by EPA, and other sources to provlde an esc1mate of the extent of exposure to asbestos frcm m1n1ng, processtng. and use of asbestos-contam1rrated vermtcu11te. The a$sessment w111 pro..-tde 1nformat1on for any future est1mat1on of r1sk and for subsequent regulatory act1on. 

2.2 Scope of WorK 

The object1ve of th1s task \s to prepare a r.omprehens1ve assessment of the exposur~ of asbestos-contam1nated verm1cu11te to humans through occupat1onal. consumer. and amb1ent-relat~ pathways. The exposure assessment covers f1ve rr~jor componP.nts: sources. env1ronmental pathways and ~ate, populat1on stu~1es. mon1tor1ng and model1ng of env1ronmenta1 
conce~trat1ons, and 1ntegrated exposure analysts. 

Sect1on 3, General Informat1on, expla1ns the geology. m1neralogy. and phys1cal ar.d chem1cal propert1es of vermtcu11te. Sect1on 4 1s a summary of sources of asbestos-contam1nated verm1cu11te; 1t 1s based upon a mater1als balance (JRB 1982). Env1ronrnental pai:hways and env1ronmental fatt are addressed 1n 3ect1cn 5. Sect1on 6. Mon1tor1ng and Hode11ng, 
d1scu~ses data from an OSHA survey and from EPA-sponsored monttortng (HRI 1982). as well as est'l~tes of environmental concentrations preparP~ by Versar, EPA's Chemical Fate Branch, and General Software C~~~orat1on. Populations exposed to asbestos from verm1cu11te are 1der.t1fied and enumerated 1n Sectlon 7; this section 1ncludes workers. cons•Jmers. and res1dents ~xoosed via the ambient env1ronment. The ava11able concentrat1on est1mates. mon1tor1ng data, and population figures are integrated in the exposure ana1ysis (Sect1or. 8'. 

In the absence of data, many assumpt1ons were made 1n estimating releases, levels of exposure, and exposed populations. Most assumptions were des1gned to ~rovtde estimates of exposure in plaus1ble worst-case ~cenar1os, and a11 such assumpt1ons are fully expla1ned in the text of th1s report. It should be noted that no effort has been made to esti~ate the proportion of asbestos-contaminated vermiculite to ~h1ch people are exposed. Monitoring data (Chatf1eld and Lewis 1979) indicate that not all vermiculite 1s contam1n~ted with asb~stcs; however, the exposure ca1culat1ons and population est1mates of numbers assume that all vermlcul1te m1ned and used 1n the United States is contaminat~d w1th asbestos. 
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3. GENERAL INFORMATION 

The follow1ng sect1ons p;esent backgroLnd 1nformat1on on the mineralogy, geolog1cal occurrence, and pro~ert\es of verm1cul1te. Sect1on 3.1 deals w1th the m1neralog1cal character1sttcs of 1~~ortance to verm1cul1te. Sect1on 3.2 discusses tne geology of vermiculite, and explains the coex1stence of verm1cu11te and a~bestos m1nerals 1n ore bod1es. Sect1on 3.3 briefly summarizes the phys1cal and chem1cal propert1es of verQ1cul1te, w1th emphasis on the benef1c1ated, exfol1ated m\neral. 

3.1 Mineralogy of Vermiculite 

The first report of verm1cu11te was made 1n 1824 for a deposit near Worchester, Massachusetts (eurea~ of M1~es 1980). Although some small scale m1ning and use occurred 'n the early 20th century, 1t w1s not until 1921 that the modern verm\culite \ndustry was started with the opening of the Zonal1te Corporat1on m~r.e near Libby, Montana (Bureau of Mines 1980). 
Verm1culite is unique among minerals 1n 1ts ah111ty to exfoliate when heated. Exfo11ation 1s the sep~;at1on of successive she~ts or laminae from a massive rock dur1ng weather1ng or other phys1cochem\ca1 p;ocesses (Hyers 19&0). In its natural state, verm,cu11te has a perfect basal cleavage and 1s easily spl1t 1nto laminae. It 1s a soft mineral (hardness var1es from 1.5 to 2 or more), has a feel 11~e talc, and 1s somet1mes soapy when wetted (Myers 1960}. Exfo11ation frorn heat1ng results 1n expansion at r1ght angles to the cleavage planes, ar.d is acco~pan1ed by an 1ncrease 1n volume of 800 to 1,200 percent (Myers 19&0}. Verm1cu11te can also be exfol1ated by chamical processes, such as soak1ng 1n hydrogen perox1de, weak ac1ds, an~ ot~er el~ctrolytes (Oeer, How1e, and Zussman 1962). 

The verm1cul1te crystal ts composed of two s\1\cate layers connected by a hydrous layer. The th\ckness of the unit cell 1n fully hydrated mater\als 1s about 14 Argstroms (Gr~ner 1934). Thermal analysts has sho~n that the wate~ assoc1ated w1th verm~cul1te 1s released 1n three character1st\c temperature ranges; the water thus released 1s des1gnated as •unbound water,• •bound water,• and "hydroxtl water• (Hyers 1960). UnboJnd water 1~ released at temperatures up to 300eF anG 1~ apparently 1n equ111hr1um w1th environmental water (,.e,, vapor or ground water) because 1ts release 1s rJversible. Unbound water can be removed w1thout destroy1ng a crystal's capab111ty to exfoliate, but the amount of unbound water present does affect the degree of exfo11at1on. Bound water, ~h1ch 1s removed at temperatures u~ to 50C°F, 1s the water that must be removed to perm1t extol1at1on. Hydroxyl water 1s released at about 1,600°F; 1t 1s not re~cved in comnerc1al exfol1at1on p~rcesses because 1ts remcval results ln d~s 4 ntegrat.1on of the ver~1cul1te 1nto part1cles too small for commerc1al use (Kresten and Berggren 1978). 



3.2 lh~ Geology of Vermtc~11te Occurrences 

Macroscop1c and mtcroscop1c types of verrn1cul\te depostts dtffer 1n 
some baste aspects. Hacroscoptc ~errn1cu11tes are tr1octahedral and have 
a relattvel~ narrow range of cation exchange capacity. M1:roscoptc or 
clay verm1cu11tes may be etther trtoctahedral or d1uctahedral and are 
much more var1able tn compos1t1an an~ cat1on exchange capactty, mak1ng 
them d1ff1cult 1n many tnstances to d1~t1ngu1sh fr~ montmort11on1te 
(Bassett 1959). The non-m1nab1e mtcroscop1c vermicultte-clay mtner~ls 
are not d1scus:sed 1n ttr\s report. 

~acroscop1c venmtcultte occurs 1n four types of host rocks; (1) 
ultramaf1c and maf~c. (2) gnetss and schtst. (3) carbonate rocks, and (4) 
gan1te rocks (Deer, How1e, and Zussman 19&2; Petrov 1962). Each of these 
has charactertsttc features. All of the major c~rc1a1 depostts belong 
to the ftrst category. and the mater1al that 1s mlned 1s m1xed-iayer 
verm1cu11te-b1ot,te or verm1cu11te-phlogop1te (Petrov 19&2). In the 
gne~ss-schlst type. the vermtcul1te occurs as layers 1n banded 
metamor~h\c sequences. In the th,rd category, ver31cu11te flakes close 
to the maqneslum and member are somet\mes found d1str1buted through 
marbles rangtng from calc1te to magnes1te compos1t1on. The 
fourthcategory refers to b1ot1t~ 1n gran1te rocks that has weathered to 
an expanded or part\ally expanded alterat1on product of b1ot1te and that 
puffs when ~e~ted tn a flame (Petrov 1962). 

A perennial problem tn the study of macroscop1c verm1cul1te ~s the 
Quest\on of hydrothermal ve~sus supergene ortg1n (Bassett 1959; Boettcher 
196&). Th1s problem 1s relevant to the q~est1on of asbestos 
contam\nat'1on anr1 the quest1on of f1brous verm\c.u1 He formation. It 
would appear that commerc1al depostts, at least, are of supergene 
or,gin. A hydrotherma1 or1g~n of vermlcu11te •·ould prov1de temperatures 
and pressu;es too h1gh to allow for the surv1val of the asbest1form 
minerals; also. for~tton of f1brous vermiculite would not be poss1ble. 
Therefore, only deposits formed supergen1cally could contaln f1bers or 
asbest1form m1nerals. The petrological relat1onships for the deposits of 
interest suggest that py:oxenes, amph\bole~. (both asbestiform and 
nonasbest1forrn} and o11v1nes \n ult;amaf'c rocK> (~o•h ,gneous a~d 
m~tamorphtc) were ftrst altered by solution and volatilization from 
1ntrus1ve sye~1tes, carbonatttes, and pegmat1tes to form biotite, 
phlogopite, perp~r.t\ne (both chrysotlle and the non-f1orous var1et1es), 
ard chlorite (Bassett 1959, Hunter 1950). Vermlcul1te was su~saquently 
formed by the actton of ground water on supergenes ~ro\ch leached out 
alkal1s, reo1str1buted magnes1um, and added 1nterlayer water molecules 
(Bureau of H1nes 1980). 

The most common parent mineral 1n verm\cul1te de~os1ts 1s b1ot1te. 
OthP.r minerals commonly present 1nclude Quartz, feicspar. apatite, 
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corundum, ~hlor1te, asbestos, talc, and clays (Bureau of M1nes 1980). 81ot\te and verm1cu11te have crystal structures that are qu1te s1m1lar: th1s s1m1lar1ty perm\ts molecular 1nterlay1ng tn a sertes that extends from pure b1ot1te to pure verm\cu11te. Ver1et1es 1n the series contatn1ng 10 to 15 pe~cent vermtcul~te are called hydrobtottte (Bureau of M\nes 1980). 

The world 1 S largest verm\cul1te depostt 1s 1n L1bby, Montana. Th1s depos\t, whtch was formed roughly 100 m1111on years ago, 1s a z~~ed-pyroxen\te pluton that cuts Precambr\an sedimentary rocks (Bureau of H\nes 1980). The ore body ts s1tuated 1n an augtte pyroxen1te wh\ch has been altered to tremo11te-act1no11te asbestos, as well as the b1ot1te-verm1cu11te ser1es (Bureau of M\nes 1980). The tremo11te-act1no11te asbestos cut thro~gh the pyroxen\te ~n many th1n ve\ns (each approxtmately one \nch). The thtcker ve\ns were m\ned tn the l920•s for asbestos and are r.Qw absent from the ore body. The.asbestos d\ffers from the or•gtnal aug\te \n that tt contatns water and has a h\gher s11\ca content. Th~refore, the processes wh\ch created the verm1cul1te created the asbestos as well (Bassett 1959; Boettcher 1966). The body \n whtch the vermtcul\te and asbestos occur forms a h\11 over 1,000 feet h\gh and about 1,&00 acres tn area . • 
Another ~~jo; ~ommerc\al depos1t, the Palabora deposit tn South Afrtca, cuts Precambr1an rocks whlch have a petrologic sutte resembl1ng those 1n the l1bby depos1t. The asbestos content of th1s depos1t 1~ much lower, probably concomttant w1th much lower s111ca concentrat1on 1n supergene waters (BureaJ of M1nes 1980). 
The most numerous depos1ts vf the United States are tn ultramaf1c layered metamorph1c rock (characterist1cally biot1te sch1sts) and are cut by pegm1t1tes. Although these may be hundr~ds of feet long. they are only a few feet th1ck ano conta1n from a few hundred to several thousand tons. At so:r.s !:If the depos1ts (e.g~·; those tn the Enoree district of South Caro1;~a), amph1bole asbestos has been found associated w1th the verm1cul1te along with talc, chlor1te, chrom1te, act1no11te, and rut1le (Hunter 1950). The depostts of the Blue R~dge Hounta1ns exemplify the las·, type of depostt. These are the ultramafic 1ntrus1ves that are cut by pegmatttes and other tntrus1ve rocks (Bureau of M~nes 1980). Verm1cu11te typ1cally occurs 1n these deposits as lenses up tc ftve feet th1ck and &0 feet long (Bureau of Hines 1980). A few lenses 1n Green Springs, V1rg1n1a are 20 feet thtck and ~~re than 100 feet lcng {Gooch 1957). 

Although 1t 1s clear that asbestos and vermiculite can coex1st in deposits, 1t ~s unclear ho~ the m1nera1$ can coexist tn a single crystal. H1fsud et al. (1977) showed that chrysot1le could be grcwn from the top layers of verm1cul1t~_plates at places where elongated crevtces 
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were seen and where tre plates are stra1ned. Th1s was seen 1n the 
basement of a depos1t tn Ma1aw1 and 1s probably the result of m\ld 
hydrothenr~~ condittons after the genes1s of ~he vermtcultte. What was 
observed was a topotat1c alteratton of the verrn1cultte plate 1tself. The 
~lterat1ons occurred tn three steps. accord1ng to Mtfsud et al. (1977~: 
(1) surface cracks developed along well-deftned crystallographtc 
dtrecttons (51-0-$1 cha1ns); (2) the vermtcultte folded back at the edges 
of the rocks; and (3) the loo~tr vermtcul1te rtbbons were transformed to 
crysottle. undergotng chemical changes matnly by a remoYal of Fe and an 
enrichment 1n Mg and OH. 

Thus, vermtcultte and asbestos can coextst tn separate vetns or be 
1nterlayereo tn the same vetn. Only the study of each m1neral depos1t 
could shed ltght on how the ccmmerc1a1 vermtcultte and asbestos coextst. 
Such a study would provtde tns1ght ~nto the questton of whether the 
asbestos can be separated and. 1f so. whetner 1t can be separated more 
eas11y before exfo11at1on. 

3.3 ~em1cal ana Physical Propert1es 

Verm1cu11te var1es 1n chem1cal compos1t1on; a useful formula for 
~erm1cu11te 1s: 

(Hg,Ca)0.7- 1.0 H9J.5- 5.0 (fe+3, Al)2.5- 1.0 

(Alz.o - 3.s. 516 - s.s> Ozo COH)4 CH20J7 - g 

Crude verm1cu11te has a 1oose bulk density ot 640 to 1000 kg/m3; 
exfollated vermicu11te expands to a bulk dens1ty of 5& to 192 kg/m3 
(JRB 1982). Thts low dens1ty 1s tmportant t~ its uses as an aggregate 1n 
concretes and plasters and \n some 1n!ulat1on and packing appltcattons. 

Another 1mportant character1stt~ of verm1cul1te 1s 1ts s1gn1ficant 
capac1ty for revers1b1e cat1on exchange. Many cattons can be 
subst1tuted. prtnclpally for tne ~gnes1um and calc1um (Deer, How1e. and 
Zussman 1962). Th\s permits use of verm1cul1te as a fert111zer and soi1 
addtt'lve. The cat1cn exchange capactttes. expressed a m1111-equ1valents 
per 100 grams of vermtcu11te. range from 35 to 70 for unexfo11ated ore 
and from 20 to 60 for exfol~ated vermtcultte (JRB 1982). 

Verm1cul1te has a very lo~ thermal conduct1v1ty. Th\s property 
perm1ts wld~ usage of verm1c~11te as a heat-resistant ,ns~1ator 1n 
steelwork and castable refrac:or1es. Selected propert1es of expanded 
verm1cu11te are listed 1n Tab1e 1. 

Be11ef1c1ated verm1cu11te 1s ava11able ~n a w1de :1ze range. W.R. 
Grace separates 1t 1nto f1ve s1ze grades; Grade 1 1s the largest and 

8 



Table 1. Selected ~--ties of Exfoliated Ve.."'"mi.culite 

Thermal o:xrluctivi.ty (B':u in hr-1 ft-2 or-1) 
'lhernal. c:onjuctivi.ty (W m-1 •c;l) 
'lhermal diffusivity (ft2/hr) 
Specific heat at o•F {cal g -1 q~-1) 
Specific heat at 300•F (cal g-i '1:-1) 
Spe..-.j_fic heat capaci~· (J kg-1 oc-1) 
Specific gravity 

F\tsioo p:>int C •c> 
Melting IX>int c·c> 
Sinterin:J tenperature ( •c) 
Cation exchange capacity tmilliequiv/100 g) 

Vermiculite ore (s. t::aroli."la) 

vermicu.l.ite ore (l-br.tana) 

Exparrloo vermiculite (s. carolina) 
Expande::i Vf'.rmiculite (r-bntana) 

SOurce: JRB 1982 • • 

9 

Value 

0.43 - 0.45 

0.62 - 0.065 
0.025 

0.20 

0.24 

840 

2.6 
1,200• - 1,300. 

1,315° 

1,260° 

70 

35 

20- 60 

20 - 30 



Grade 5 1s the s~~11est. Although company spec1f1cat\ons were not 
cbta1ned, measurements of graded sampies obta1ned 1n a mon1tor1ng effort 
(MRI 1982) are presented 1n Table 2. 
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Table 2. Phys1cal Propert\es of Graded Verm,cul1te from W.R. Grace 
and Company, L1bby, Montana M\ne 

Grade ~roxizrate Approxi.JrEate Approxi.-:e.te 
no. r.a.Y..inun nuri::er of weight/ 

dir:ensicn partic:les/g average 
(mn) ~..icle 

l 5 - 10 23 42 mg 
2 3 - 5 130 7.4 mg 
3 1- 3 1,700 0.58 mg 
4 o.s - 1 11.000 91 ug 
5 0.2 - o.s 130,000 7.6 \J~ 

Source: MRI 1982 
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4. SOURCES 

The following section presents a summary of th~ leYel !! ve~~1cullte matertals balance performed for EPA's Exposure Evaluat1on D1v1s1on (JRB 1982). The ~~ter1als balance estimates the amount of verm1cu11te processed and released during every step of product1on. JRB's release data have been tabulated 1nto four charts. each expressing a ~~jor step 1n product~on: m1n1ng and m111~ng, exfo11at1on, transportation, and consumer uses. L1ttle deta11 ts presented 1n thts section of the exposure assessment. Further data are available 1n the materials balance report. 

4.1 Releases from H1n1ng and M1111ng {JRB 1982) 

Tabl~ 3 shows the verm~cul1te relea~es during m1ntng and benef1c1at1on of the verm1cul1te ore. Benef1c1ation re~~ves the verrntcullte from the gangue (waste or impurities). I~ Table 3, the amount referred to ls the amount of ore, which includes the gangue. 

Ther~ are four verm1cu11te mines tn the U.S. One million tons {1.2 x 10& kkg) of verm1cul1te ore were m1ned and beneficiated 1n 1979 to produce 314,000 k~g of c~ude verm1cul1te. JR6 estimated that 802 kkg were :·eleased to the alr, 89,900 lckg were released to water, and 2.490 kkg were released as sol1d waste (see Table 3). The water releases were d1sposed of 1n settl1ng ponds, and t~e water was recycled. The a1r releases ·-iere fug·1:1ve releases from the dust co'ltrol t>Qu1pl!'ent. The sol1d wastes ~ere the part1culates collected 1n the dust ~ontrol system, and were landf111ed. 

Three different techniques are used to mine and benef1c1ate the ore. No data were available for t~e V1rg1n1a Verm1cul1te m1ne. so for Table 3 1t was assumed that V1rg1n~a uses the sa~~ techn1ques as W.R. Grace 1n Enoree. South Carol1na. Tne largest releases from ~1n1ng and 
benef1c1at1or. are wat~r releases from wet processes. The part1cular steps assoc1ated with the greatest releases are concentration and secondary screen1ng, s~nce these proceaures remove most lf the gangue. (Note that Patterson Verm1cul1te does not use wet processes.) Any step w1th a large alr release 1s assumed to have dust control equ1pment. 

4.2 ~~leas~s from Exfol1at1on (JRB 1982) 

N1nety-four percent of crude verm1cu11te is exfol1ated. Table 4 1dent1f1es all the releases dur1ng exfol1at1on. Note that ~ome c~ude verm1cul1te 1s 1mported from South Afr1ca. The exfo11at1on processes 
~sed are the same, but s1nce the 1ncom\ng feeds conta1n a1fferent amounts of verm1cu11te, they have different release rates. N1nety percent of the releases are expelled 1n the exfoliation step. 
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table 4. Veralcut\te Releases From lxfol\at\on of Ver•lcultte 

V\rg\nla and South Africa verMitullta releatel P«tterson ver•lc~•lte relua1es 

:tof 
Air Water SOU•S ve wllte Air water Solid 

(kkg) (~lj) (kkg) (kkq) (kkq) (kkg) (kkq~ 

2.97 4.51 
23.4 35,57 

0.387 0.5& 

2,780 5,600 4,233.6 1,970 52,4 107 11.0 
2.87 (a tea"') 4,37 (stu111) 

16.0 396.2 1, B'Xl 0.138 2G.2 

Sl.D 77,42 1,770 0.69 1.07 

6.22 

99.4 1.61 

lt!!!·2 ~&~ ~,'!~.2 54.0 107 .!!l!:..! -===- »== 



JRB assumed that every step had dust contra: equtpment that was 98 
percent eff1c1ent. Ii 1s est1mated that 4,500 kkg of asbestos collect~d 
1n the dust control eQuipment, wh~le 4,500 kkg are released as steam 
e1ther d\rectlt to the a1r or 1nto the dust collector. Three thousand 
tons (3,027 kkg} were released as fug,t1ve releases to the a\r. The 
exfo11ated product 1s transported to manufacturer \n bags or bulk loads, 
or as an ~ngredient 1n pr~txes. 

4.3 Releases Dur1nq Transportat1on (JRB 1982) 

Table 5 sho~ transportation releases. Oomest1c crude vermtcultte ts 
transported from the m111 to the exfol,at1on plant by ra11road or truck. 
Imported and exported verm\cul\te are transported by sn1p and ra11. 
Exfo11ated verm1cul1te dest\ned for consumer use 1s transported 1n bags 
or bulk loads. The est1mated transportat\Qn releases are neg11g\ble. 
Th\rty-itlr.~ kkg are released to the atmosphere, and 12S lckg are released 
to the land due to sp11laqe. 

4.4 P.eleases Our1ng Consumer Use {JRB 1982) 

£xfol,ated verm1cu11te 1s used 1n three major types of consumer 
pro~ucts. It is used 1n ~lace of sand as a 11qhtwe1qht 1nsu1at1ng 
mater1a1 1n concrete; 1t 1s used as loose-f111 and block-f\11 
1nsulat'o"; and 1t 1s used agriculturally as a gro~1ng med1um or a 
pest1c1de carr1er. Unexfo1~ated verm,cul1te \s used to make gypsum board 
(drywall). The largest release from these uses 1s the sol~a reiease to 
the land. As a component of agricultural ~roducts, verm\cu11te 1s 
app11ed to the so11 d\rectly: 1t 1s released to lan~ from other products 
as the r~sult of ~p111age. JRS estimates that releases of verm1cul1te are 
\ns\gn~f1cant after \nstallat1on of the end-use product. 

Table & sumrr~r1zes releases from consu~er use of verm\cul\te 
products. l~ese re~ease data aPPly equally well to commerc\al and 
1ndustr1al use of the products. 
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'!'able 5. Est.irna ted Venniculitc Rele..ses '-~'~ile Transportl ng 

Vermiculite releaseR -J\rrount transported Air Solid (kkq/yr) (kk~:U~:ir) (kkg/:i!~ 
Ct~Je vermiculite 

D<::vrc~t.; c 302,000 10.8 Irrportcd 27,200 15.1 E"l,)()rted 31,700 0.15 
Total 25.9 ..... -......, 

Exfolbtcd vcnnic..'"Ulite 

Transport: in luqs 132,00(' 6.22 'l'ran·;port in bulk G,no 6. (jQ 125.0 ll~l\l<l ;~t p 1 ,mt. GU,JOO 

'l'otals 
38.8 125.0 - -

Snnrcc: JHn l'J!I2. 



'f.1hlo 6. End UscH of t:xfollat.od 1111<1 !Jnm<Collatcd Vor:miculi te 

Exfoliated use Percent of t.Dta1 productiona 
1bta1 

Aqg rcgil tes 36.2 83,300 

C'..oncrcte 23.0 52,900 PlilStcr 1.02 2, 350 
P.run.ix 12.2 28,100 

In•mlatlon 31.2 71,800 

Loose fill 14.9 34,300 D1ock fill 16.2 37 ,30!): 
Pack.in9 0.07 l'il 

Agricultural 30.7 70,600 
Gro .. .d ng rrcdi.:J 14.2 32,700 Carrier foe agri- 16.5 38,000 <.,JUural dJunlcaJIJ 

Other 1. 71 3,930 

1bt.LJ19 99.8 ~2!!2. -
~liatc...,J use 

Gypstrn l:o:trd 100.00 19,400 

'1\,t.d 249,!QQ. 
--··-

<lpen:eni.J•J'l cJeJ ivL·d lt<xu <Ll.J in Llure<1U of Mines 191JO (,JIUJ). 1-\)U.:intlly = (tot.1l product) x (percent). 
*Nt..uubcrs do not add due to r':lundin<J. 

Sourco: .H4J 1!182. 

Quantityb (kk<) 
Vcnnic:uli te GaJ'YlU6 

74,900 8,470 

47,600 5,380 
2,110 239 

25, :>oo 2,850 

64 ,60() 7,300 

30,8CO 3,490 
33,500 3,790 

14~ 16 

63,500 7,180 

29,400 3,320 
14, ~00 l,R60 

3,540 400 

207,000 -- 2lt422., 

14,700 4, 700 

221!.?00 28,100 ---- ---

VP.mticulite releases (kkq) 
Air Water Solid 

14.8 0,462 445.1 
153.8 242.:'.! 

31.6 4,025.2 
33.5 315.1 
0.0725 144.5 

33.8 0.11 29,400* 
0.7.4 '30.1 

3.54 0.011 199 

271.4 0.6 !;!t}'jO. - -
11.1 922. 

282.5 0.6 3~070._ --- --- ---



5. EXPOSURE PATHWAYS AND ENVIRONMENTAL FATE 

The most 4mportant factor d1ctat1ng the chem1cal fate of both 
vermtcu11te and asbestos (and, therefore. asbestos-contaminated 
veroicu11te) 1s the chemical 1nertness of both minerals. Ne1ther 
substance would be expected to undergc ch~1ca1 transfor~t1on when 
released 1nto the env1ronment. furthermore. the'r refractory nature 
precludes the effect of melt1ng/bo1T1ng po1nt, solub1~1ty, vapor pressure, 
octanol/water partition coeff1c1ent, etc. on the\r transport. Other than 
dtns1ty. the only physicochemical property that is of importance in 
assessing the atmospher1c fate of asbestos-cc:,tam\nated vermiculite 1s 
particle s1ze and shape (USEPA 1980a). 

Terrestrial and fluvial transport processes affect1ng vermiculite are 
n~t well character1zed. The follow1ng sect1on summarizes what 1s ~nown 
about the fate and transport of asbestos. 

5.1 Transport and Fate 

Verm1cu11te occurs naturally 1n many reg~ons of the country. and can 
be released directly to the env1ronment by all normal geological 
weathering processes. Rates of natural release can be altered by human 
acttv1ty such as road building, m1n1ng, and construction. 

The asbestos f1bers from vermiculite may enter the env1ronment through 
such human act1v1t1es as (1) mlnlng and m1111ng, (2) transport1on, 
(3) manufacture and us£ of products conta1r.~ng ver.n\culHe, (4) demolH1on 
of bu11d1ngs 1~ which vermiculite 1s a structural component, and (5) solid 
waste disposal of verm1cul1te-conta1n1ng mater1als and m1n1ng and m1lling 
wastes. Asbestos fibers are not bound chemically to the vermiculite; 
rather, the m1nerals coexist 1n the same matrix which. when c~emically or 
physically d1sturbE'd, may release the m1nerals. 

Min1ng. m1111ng. and exfoliation of venm1cu11te almost ccrta1nly 
account for the vast majority of the env1ronmental release of asbestos 
from verm1cu11te. Virtually all of the m1ned deposits are In rugged 
country removed from heav1ly populated areas. Verm\cu11te is transported 
through the country in 1ts unexfol~ated state along all major routes of 
transportat\on. Atmospher1c asbestos dust ·.ettles or is washed out by 
prec1p1tat1on; ~t then returns to the soil and to waterways. Asbestos 
f1bers are easlly re~uspendeo by wind and ~ater anc c~n be red1str1buted 
w1dely. Because of 1ts stab111ty, asbestos must be regarded as persistent 
1n the env1ronment wlth an ult1mate s1nk 1n so1ls or sedlrrents. 

The followlng sect1cns deal w~th all the processes dffect\ng the 
environmental d1str~but1on of asbestos f1bers. The actual vermicul1te 
minerals are not addressed 1n th1s exposure assessm~~t. The chem1cal fate 
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processes affect1ng vermtcultte may be s1m,lar to tho~e affecting 
asbestos. Phys1ca1 transport probabl~ d1ffers, however, s1nce verm1cu11te part1cles enter1ng the env1ron~nt are probably larger t~an asbestos particles, and part1c1e s\ze ts a major factor affect\ng transport. 
5.1.1 Transport Processes 

(l) Atmospheric Transport 

(a) Turbulence and D1ffus,on. Asbestos f1bers are restr1cted to the troposphere (1.e., the f1rst 5 to 10 m1les of the atmosphere), above wh1ch 11es the relat1vely stable, nonconvect\ve stratosphere. The verttcal d1ffus1on of f\bers fr~ a source may also be restr1cted by surface 1nvers1cns or by an 1~vers\on layer ly\ng ab~~e an unstable m1xtng layer. · 

A surface ~nverston usually occurs 1n the early morn1ng when l1ght cloud and wtnd cond1t1ons prevatl. As the earth's surface ts be\ng heated, convect1ve currents and turbulence 'ncrease near the surface. If the upper part of the or1gtnal \nvers1on layer pers1sts, atmospher'c d\ffus1on 1s largely restrtcted to a m\x1ng layer below the \nvers,on layer (Wanta and Lowry 1976, Hewson 1975). S~ch rn1x1ng he\ghts may range from es>ent1ally zero at n\ght to several k11ometers 1n the afternoon; typ\cal seasonal means are 300 to 800 meters \n the morn,ng and &00 to 4,000 meters 1n the afternoon, depend,ng on locatton (McCormick and Holxwortb 1976). 

low m1x1ng hetghts, low wtnd speeds, and the absence of prec\p1tat1on 
s~ppress d1spers1on and lead to ra\sed po11ut1on levels; the pers1stence of all three cond1t1ons 1s assoc1ated w\th air pollut\on ep\sodes. F\gure l 91ies some 1nd1cat1on of the frequency of such ep\sodes. A\r pollut\on eptsodes can be part1cularly acute 1n 1ndustr\al1zed valleys where tnverstons are a domtnant meteoro•og1ca1 phenomenon. 

Both turbulent d1ffus1on and ~\nd d\s9erse asbestos from 1ts potnt of emission. These processes mtx re1eased ftbers ~1th ever-tncreas1ng vo1umes of atr, 1o•er1ng concentrations \n the reg1on of release and dramat1cally reductng concentrat'o~s \n areas per1pheral to the asbestos source. Three scales of turbulence can be def1ned (Whelpdale and Munn 1976): 

• Htcroscale: Small fluctuat~ons responslble for t~e 1n1t1a1 d1ffus,on of asbestos 1n the f\rst hour or so of 1ts release. 

• Mesoscale: £dd1es w1th ~tmenstons of several k1lometers. Th1s turbulence can be conststent, a~ 1n the case of a sea breeze or valley flow. 
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f\gure l. Isopleths of tota1 number of ep\sode~days 1n 5 years 
w1th m1x1ng heights ~ 1500 m, w1nd speed ~ 4 rn/sec, 
and no sign\f1cdnt prec1p1tatton ~ for episodes last1ng 
at least 2 days. Season with greatest number of episode-days 
1nd\cated as w1nter (W). sprtng {SP), summer (SU), or autumn 
(A) 

Source: M'Corm1ck and Holzworth (1976). 
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• Macroscale: Eddies of d1mens1ons exceed1ng 500 km. 

All three scales of turbulence can affect d1spers\on. 

(b) Dry Removal Processes. Grav1tat1onal settling rates have 
been determined exper1mentally for asbestos fibers 1n the absence of 
turbulence; these rates depend pr1nc\pally upon f1ber d1ameter and are 
re1at1vely 1ndependent of f1ber length (T1mbre11 1965). The same 
conclus1on was reached by mod!l\ng f1ber aercdynam~cs (Sawyer and 
Spooner 1978). The theoret1ca1 settl~ng veloc1t\es are g1ven ,n 
f~gure 2. Typ1cai f1bers reportedly have d\a~ters less than 1.5 ~m 
(Dement and Harr1s 1919, Sm1th et al. 1973); s\ngle fibr1ls have d1ameters 
near 0.0& ~. Fro~ F1gure 2, f\bers 1.6 ~ 1n diameter would 
theoret\cally fall three meters 1n about one hour wh\le s1ngle f\br11s 
would requ\re over 15 days. 

In the atmosphere, sett11ng veloc1t1es for most asbestos f1bers wtll 
be neg11g1ble 1n compar1son w1th turbulent vert\cal velocH\es. Th\s 1s 
true for f1bers w\th equ\valent sphere d1a~eters of less than 20 ~m* 
(Wanta and Lowry 197&), \.e., f\bers w1th d\ameters up to 6.4 ~· 
larger f\bers and f1ber clumps would be subject to grav\tat\cnal 
sett11ng. !ns\de bu\ld\ngs, turbulence generated by movement or a1r 
through flow prolongs part1cle settl\ng. 

F1bers undergo1ng turbulent mot1on may coll\de w~th and adhere to 
surface cover. The extent of t1ber removal by 1mpact1on w111 depend on 
f1ber s\ze an~ veloc\ty, the rate at wh\ch the ftber 1s supp11ed to the 
surface. and the degr~e to wh1ch vartous surfaces reta1n lmpact~ng f\ber 
(Whelpdal~ and Munn 1976). Th\s \sa complex process for wh1ch no 
quant\tat1ve remova1 est1rr~tes ex1st for asbestos. 

(c) Prec1p1tat1on. Pollutants are removed from lh-e a\r durlng 
ratnfall at a rnte proportional to the\r concentrat\on (Wanta and 
Lowry 1976). Oenot1nq the concentrat1on at t'me t as C(t) and the 
1n1t1a11y observed concentrat1o~ as C0 r 

C( t) = c0e-wt 

where w, termed the washout coeff1c\er.t. ts a funct\on of part1cle s'ze 
and ra1nfal1 rate. Typ\cal va 1 ces of ~are g1ven \n F1gure 3. Ev\dently, 
a ra~nfa11 rate cf 0.15 \n/hr (3.B rnm/hr) re1uces the concentrat\on of 
soher1ca1 part1cles 4 pm 1n diameter by 50 perce~t tn two hours. Larger 
parUcles are removed m~re eff\c\ently, and til1s removal mechan1sm has 

~The equ\~alent sphere diameter 1s def1ned as the diameter of a 
sphere 1 gm/cm3 tn d~r.s1ty hav1ng the same fall veloc,ty as the f\ber of 
~nterest. A ?0 ~m d1ameter sphere so uef1ned falls at a rate of 1.2 
em/sec 1n the absence of turbu1ence. 
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F1gure 2. Theoret1cal Settl1ng Veloc1t1es of F1bers 
Source: Sawyer and Spooner (1978). 
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F~gure 3. Typ1cal Values of Washout Coeff,c\ent 

Source: Wanta and Lawry (197&). 
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been f~und 1neffect1ve for spher1ca1 part1cles of d1ameter less than 
2 ~ (Haagen-~\t and Wayne 1976). 

Results of a f1e1d monttor1ng effort for asbestos f1bers seem to 
conf1ra th1s effect for asbestos f1bers (Harwood and Blaszak 1974). After 
a ~eek of prec1p1tat1on, th~ concentrat1on of f1bers longer than 1.5 ~ 
was s1gn1f1cantl~ suppressed, wh11e levels for f1bers ~f length less than 
1.5 ~appeared unaffected. Removal rates for nonspher1cal part1cles 
are unknown. 

R~entra\nment. Asbestos f\bers may be reentra1ned by surface 
w~nds, veh1cular traff1c, or 1ndoor movement. Indoor levels have been 
compared dur\ng per1ods of no act1v1ty and h\gh acttv~ty (Sebast1en et 
al. 1979); the levels d'ffered by one to two orders of magn1tude fo~ each 
of three d1fferent rooms (Table 7). 

Reentra1nment of asbestos 1n env1ronmenta1 s1tuat1ons ha~ not been 
stud1ed d1rectly except 1n the case of waste p1le em1ss1ons. Nonetheless, 
f1eld measurements 1n conjunction w1th these studies suggest that 1t rna~ 
be an 1mportant secor.rlart source, contr\but1ng s\gn1f1cantly to amb1ent 
levels 1n s~ tr.stance~. 

Em1ss1ons fr~' waste p11~s are ;ecogn\zed as potent1ally 1mportant. 
Dur1ng per1ods of h1gh w1nds, asbestos has been observed at a playgrouhd 
and 1n houses near one dump (USEPA 1974). Atmospheric asbestos em1sslons 
from 1ndustr1al dumps and m\ne ta111ng p\les were investigated by Harwood 
and Blaszak (1974) and by Harwood and Ase (1977). Dumps were determined 
to be a slgn\flcant and possibly hazardca~ source of asbestos f1ber; the 
reentra1nment of unboLnd asbestos fibers proved to be ~esponslble fo~ most 
of the emlsslons. Particulate em\ss1ons !rvm ta\1\ng p\les have ceen 
est1mated unjer vartous cli~4t\c cond1t1ons by PEDCO (1973). 

In summary, reentra1nmt·nt of asbestQ~ f1bers does occur, and stud1es 
of waste p11e em~ss1on~ ~nu1cate ttat 1t 1s an \m~ortant secondary 
source. Qcant1f1cat1on of the effects of asb~stos reentrainment has not 
been att~moted except at waste p\les. Reentra1nment 1s respons~ble for 
the major1ty of asbestos emtsstons from waste p1les and may also be 
part1cularly 1mportant 1n urban areas. 

(e) Atnospher1c Asbestos Burden from the Use of Verm\cul\te. 
Evaluat1on of changes 1n the atmospher~c burden of asbestos from the use 
cf ver~\cul~te 1s 1n~1b1ted by four factcrs: 

1. A comprehens1ve 1nventory of asbestos em1ss1ons from verm1cu11te 
(as we11 as other sources) does not presently exlst; only 
exfol1Jt~o~ plants as po1nt sources have been well stud1ed. 
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Table 7. In':bor Reentrainrrent Potenthl 

1txm without 
hun.:m C!-~Vit:'j 

{ng/nr') 

15 
3 
1 

Source: Sebastien et al. (l979). 
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2. The quant1tat1ve effects of asbestos removal mechan1sms are 
presently unknown. 

3. The contr1but1on of asbestos reentra1nment to the atmospher1c 
burde~ has yet to be estab11shed. 

4. Mon1toring of asbestos 1n tht env\~onment cannot d\fferent\ate 
between the d1fferent sources of asbestos ~ontam1nat1on. 

In general, atmospher1c asbestos fr~m contam1nated verm1cu11te can 
come from a ser1es of sources. 

Industr\a~ sources. such as stack em1ss1ons from exfol~at1on plants 
and 1ndu~tr1al users of venm\cu11te, probably contr1bute the bulK of 
asb~stos from verm1cu11te. Waste p11e em\ss1ons may be !nothe; source. 
M1n1ng em\ss,ons, such as the dust produced from the str1p-m1n1n~ of 
verm1cu11te depos,ts, cause 1ocal1zed asbestos contam1nallon of air. 
Workplace and other 1ndoor sources may 1ncrease atmospher1c asbestos 
levels. 

Although these sources ha~e been stud1ed to some degree 1n past 
asbestos stud1es, ;~ 1s st1ll \mpossible to pred1ct w1th any accuracy the 
atr.1ospher1c concentrat1ons of asbestos from contam1nate<! .,erm1cu1He. 

(2) Fluvial Transport. Ta111ngs from tacon1te m1n1ng dumped 1nto 
Lake Super~or by the Reserve M1n1ng Company at S1lver Bay, H1nnesota, have 
prov1ded the only opportun1ty to study the transport of asbestos \n the 
aQuat1c environment. These tail1ngs contained more than 50 percent quartz 
and about 40 percent cumrn1ngton,te-gruner1te (mean chem1cal compos1t1on 
{FesMg2S1so22 ). Ta11ings were dumped 1nto the lake at the rate of 
about 60,000 to 70,000 kkg per day: the water slurry ccnta1n1ng the 
ta111ngs was r-eleasee! at a rete of about 2.4 x 10° m3/aay (cook 
1973). As a result, asbestos has been detecte~ 1n the dr1nk1ng water of 
Duluth, H1nnesota, about 75 m1les distant (Cock 1975). 

lt has been shown that although the asbestos f1bers are t.·avel1nq 
great d1stances 1n the water column, they are be1ng coagulated and 
sedtmented 1n the western part of the lake near the tailing delta (Kramer 
1976). If th~s process were not go1ng on, according to the ca1culat1ons 
of Kramer, 3.5 x 106 f1bers/l1ter should be found d1str1buted evenly 
throughout the volume of Lake Super1or. In actuality, however, only 1 x 
106 f1bers/liter are present in the eastern part of Lake Superior. 
Kramer found, as well, that the greater the d1stance from the ta1iings 
themselves, the r1cher 1n magnes1um th~ ~sbestos beca~e. Thts effect was 
attr1buted to the magnes1u~-r1ch asbestos having a more sens1t1ve zeta 
potenttal wh\ch would prevent coaguiatlon and sed1mentat1on. 
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Th\s suspended asbestos m\ght settle under certa1n env1ronmental cond\t\ons. Although no spec1f1c data are ava11able on setti1ng rates of asbestos. several lnalyt\c models of the phys1ca1 processes \n aquat1c envtronments have been developed 1n recent years. Examples \nclude calculat1ons of vert1ca1 eddy d1ffus1v1ty w1th1n a nephelo1d laye; (Feely 1976). d1ssolut1on of d1atoms (Lo1 and Lerman 1975), and suspend~d sedtment transport (Nthoul 1977). Many of the analyttc ~dels i1ave relted on StoKe's Law, wh1ch 1s an analyt1c solut,on to the problem of a sphere sett11ng 1n an unbounded Newton1an flu\d (Sverdrup et al., 1964). Tne work of Ne1hof dnd Loeb (1972, 1974) and Chase (1979) on the electrochem1cal character1st1cs of natural part1culat~s and the1r settltng behav1or 1n natural water syst~ms suggests that the Stokes1Jn assumpt1on may not be appropr1ate for charged par~1cles. It appears to be 1mposs1ble at present to descrtbe the settl1ng behav1or of asbestos tn aquattc systems more def1n1tely than to say that asbestos w111 stay tn suspenston for qu1te a long t1me. 

Although there has been 11ttle study of asbestos transport 1n the aouattc environment, tt appears that the transport of asbestos depP.nds upon such poorly unjerstood geoche~1ca1 mechan1sas as surface chem1stry, mtneralogy of the f1ber. and phystcal sett11ng rates. Only further study of the probl~m w111 enab1e a fuller understand~ng of the asbestos mtnerdl~ 1n the aouat1c envtronment. 

(3) Terrestr1al Transport. There 1s presently n~ information ava11able on the tra~sport of asbestos 1n the natural terrestrtal env1ronrnent. Bur11kov and H1cha1lova (1970), 1n the\r study of so11 samples 1n a Bu1garlan tobacco-grow1ng region w1th dispersed asbestos outcrop~1ngs, have d1scussed th~ health effects cf farm1ng 1n the reg1on but d1d 11ttle jtudy of the transport of asbestos minerals 1n the so11s. 
5.1.2 Env1ronmental Fate 

Asbestos has often been touted as an 1ndestruct1ble m1neral; tn reality, however, thts ts far from the case. Exper1ments on thermal effects and the ac1d leaching of asbestos have been summar1zed by Spe11 and letneweber (1969) and Hodgson (1979) and h~ve only a per1pheral relat1on to the env1ronmental behavtor of asbestos; however. the fo11ow1ng laboratory exper1ments are def1n1tely germane w1th regard to tts degradat1on 1n the environment. 

Cho1 and Sm1th (1972) observed the k1net1cs of the d1ssoiut1on of chrysot11e 1n water over a temperature range of 5 to 45°C. A correlation was noted between the rate of d1ssolut\on of magnesium from the chrysot11e and the rate of pH drift. The rate of the d'ssolut1on re~ct1on was d\rectly proportlonal to the spec1f1c surface area of the asbestos minerals. It ~as noted that magnes1um cations may be cont1nu:usly 
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1\berated fr'm the chrysot1le f1bers, leav1ng beh1nd an 1ntact s111ca 
structure. Th1s or1g1nal structure could then readsorb metal cat1ons, 
s1nce 1t w111 develop a h1ghly negat1ve charge. ln general, however, th1s 
readsorpt\on of metal cat1ons 1s not observed; the smaller the part1cle, 
the faster the magnes1um 1s 11berated from the asbestos structure. 
Moreover, the reaction 1s temperature-sens1t1ve only 1n the 1n1t1al stages 
of contact between chrysot11e and water. 

Hostetler and Chr1st (1968) determ1ned an act,v\ty product of 
chrysot1le 1n water at zs•c of 10-51.0. These results suggest that 
chrysut1le 1s slowly soluble 1n water under cond1t1ons of cont1nuous 
extraction. Hew applicable these results are to the amb1ent env1ronment 
can be determ1ned only through farther exper1mentat1on. For 1nstance, 
Chowdhury (1975) stud1ed the 1each1ng of asbestos in d1st11led water and 
at body temperature (37°C). He found that, for all pract1cal purposes, 
amosite &r.j croc1doi1te were 1nert under these cor.d1t1ons. Nonetheless. 
although he was unable to reach a chem1:al equ\11br1um after two months of 
leach\ng, a s1gn1f1cant a~unt of the chrysot11~ had d1ssolved (1,000 
~1 of Mg/g asbestos had been leached). He found further that under a 
dynam1c system, after the magnes1um had leached out, the s111ca skeleton 
began fiaking apart, thereby e11minat1ng the asbestos structure. 

It a~pears that asbestos does not have an adsorpt1ve aff1n1ty for the 
sol1ds normally found 1n natural water systems; however, some rr~terials, 
notably trace metal~ and organic compounds, have an aff1n1ty for asbestos 
minerals. The charge-dependent bahav1or of asbestos can be described by 
the concept of the zeta potential, the 1soelectr1c point (IEP), and the 
zero po1nt of c~arge (ZPCj. (For a detailed descr1pt1on of these 
concepts, se~ Parks 1967.) ThP. zeta potential 1s a measure 1n mV of the 
surface charge of a solid. The ZPC 1s the ~Hat wh1ch the sol1d surface 
charge from all sources 1s zero. The IEP 1s a ZPC ar1s1ng from 
interaction of H+, OH-, tht so11d, and water alone. The ZPC of a 
complex oxide such as asbestos 1s approximately the weighted average of 
the LEPs of 1ts componencs. P;ed1ctable shifts tn ZPC occur tn responsa 
to spec1f1c adsorpt1on and to changes 1n cat1on coord1nat1on, 
crysta111n1ty, hydration state, cleavage hab1t, surf~ce compos1t1on, and 
structural charge or 1on exchange capac1ty. 

Prasad and Pooley (1913) 1nvesttgated the ~1ectrokinet1c properttes of 
amphibole asbesto~ dust samples 1n comparison w1th quartz dust. The 
1soelectr1c-potnt of amosite was found at a pH of 3.1 and that of 
crocido11te at a pH of 3.3 {Figures 4 and 5). The zeta potential of these 
amph1bole asbestos m\nerals, be,ause of the forn~t\on of th~ f~bers, 1s a 
function of the comb1ned face and edge charge. The face charge will be 
due to the s111ca 1n the structure, wh1le the edge charge is due to the 
layers of metal cations sandw1ched hetween the layers of s111ca. Because 
of d1fferences 1n fracture, when the f1bers are be1ng produced, a 
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var1at1on 1n the rat1o of face to edge charges 1s 11kely. It 1s evident 
from the results that amph1bole asbestos has a ret regat,ve chargE, 1.e., 
the sum of the negat1vely charged s111ca surfaces a~ti the postt1vely charged edges of the rn!tal cat1on 1s negat,ve. Tht~ net charge 1s very 
much lower than the actual value of ~harge per untt area on the f1ber-face 
surface. The amph1bole asbestos is, therefore, cape:ole ol' adso~b1ng "loth 
cat1on1c and an1on1c spec1es, the former mucn more extens1vely than the latter. 

ChOWdhury and Kt•·chener (1975) found a w1de vadety cf zeta potenttals 1n natural and synthet1c chrysot1les. Stron;ly po~1t1ve va1ues were found 
1n samples conta1n1ng an excess of magnest~ 1r. the f~rm of bruc\te, 
Hg(OH)2. Synthet1c chrysottle ano natur~l samples contatn1ng l~ttle or 
no bruc1te gave moderately pos1t1ve zeta pctent1als over the pH range of 3 to 11. Weakly pos1t1ve or weakly negat1ve zeta potenttals were found tn 
ch~ysot11es wh1ch had undergone weather1ng (~ue to natural lea'h'ng of the 
bruc1te layer). S1nce the pH and the acb1ent concentrat1on of Mgt2 1ons near the surface are the ma1n c~ntrol11ng factors ~f the chrysot1le zeta 
potent1al, and s1nce chrysot11e's ~ruc1te layer 1s suscept\ble to le~ h1ng 
1n aqueous solut1on, the zeta potent1al of chrysot11e 1s a constantly 
chang1ng value. These results expla1n the temporary collo1dal stab111ty 
of d11ute suspens1ons of chrysot1le 1n env\rcnmental med1a 1n the mutual 
coagulatton of chry)Ot~l~ and ~mph1bole as~est~s slurr!es. 

Th\s e&fect of the collo1dal stab11~ty of the chrysot1le was f1fst 
described by Naumann and Pres her ( 1968). Thej ,·ouno tMt, because of the 
pos1t1ve zeta potent1al of chrysot11e 1n env1ron~ntal ~d1a, low 
v1scos1ty suspens1ons rould be prepared by means of the 1nherent ~~argE cf 
the chrysot1le surfaces. Th1s charge. however. ts so ~~c!! ~'! p!Jre 
chrysot1le that d1spers1on was obta1.let1 only \ol1tii shot·t f1bers and low 
f1ber concentrat1ons (1 percent). By 1ncreas1r.g the ccncentrat1or. of 
certatn meta111c salts, 1t was found that low vtscc,sHy :susper.s1ons could 
te prepared under al.nost ar.y env1ronwental cond1t1~~. These observat1ons 
suggest that the presence of trace metals w•Ii pr-duc~ a suspens1on of 
chrysot11e asbestos 1n water wh1ch w111 ~erstst Ult11 suff1c1ent mdgr.es1urn 
ha~ leached from the chry~ot,le structure to degrade the suspension. 
Furthermore, 1t 1s probable that ~nder cert2~r. cond1tlons a~bes!os wtll 
persist 1n the water column cnt~l 1ts con~entratton becc~s htgh enouQh to 
destroy the suspenston or unt11 leachtng of the bruc1te layer d~cays the 
zeta potenttal to a po1nt where 1t w111 become negat1ve. 

Ralston and K1techener (1975) studted t~e surfa:e chem,stry of amos1te 
asbestos. The amph1bole structure of the f,ber was found to be res1stant, 
undergo1ng only superf1c1al change 1n aquec~s med1a under normal 
envtronmental condtt1ons. Internal cattons are ne~ther 1eached nor 
exc~an~ed. The surface properties of the f~ber rese~~le thos~ o• ~ure 
s111ca (qu~rtz): cat~on~c surfactants are a:sorbe~ strongly, wh\le antcn1c 

31 



surfactants are not adsorbed. Thus, the surface chem\stry of amos\te asbestos 1s controlled by 1ts trace contamlnants, wh\le the f1ber 1tself behaves 11ke quartz. 

In stud1es concern1ng the removal of asbestos •10ers from drink\ng water, 1t was found that coagulat1on/flocculat1on methods were effect\ve 1n remov1ng asbestos f1bers from water. Lawrence et al. (1975) found that coagulat1on w1th a 1 ppm cationic polyelectrolyte resulted 1n the removal of approx1mately 99 percent of the f1bers and that all the rema1n1ng fibers were chrysotile. The residual of chrysot11e was expla1ned by chrysot1le's pos\t\ve surface c~arge 1n contrast to the negat\ve surface charge of amph1boles, and most other volume was reduced to about 20 percent of the total volume. Further reduct1on 1n the ~ed\ment volume was then extremely slow (19 percent after 24 hours), suggest1ng that natural flocculat\on ls only a powerful force at h\gh asbestos f1ber concentrat\ons. They also found that the add\t1on of coated d\atom\te (d1atom\te coated w1t~ alum\num nydrox\de) was qu1te effective 1n 1ncreas1ng the flocculat\on of asbestos f\bers. Scnm\tt et al. (1977) found that, after s~d1mentat1or, the add1t1on of a pos\t\vely charged catton\c polyelectrolyte \nduced further aggregat1cn of the particles and allowed for easy f11trat1on. 

In general, the env1ronmental behav\or of asbestos fr~m contaminated verm1cu11te wtll be controlled ~Y such effects as leach\ng, coagulat1on, surface chem\cal reactions. and transport phenomena. It ts d\fflcult at th1s po1nt t~ determ1ne whtch ~f these proces~es art most 1mportant except to say that asbestos, once 1ntroduccd lnto t~e env\ronment, w\11 r~ma\n unt11 1t 1s b~r1ed 1n th~ sediment layer of the aquat1c env1r~nment or bound somewhere tn the terrestr1al env1ro~ment. 
5.2 Ident1f1cat1on of Pr1nc1pal Pathways of Exposure 

Three routes of P.xposure are co~only addressed 1n exposure assessments: 1nhalat1on, 1ngest1on, and dermal absorpt1on. The follow\ng sect\ons show that the pr1nc1pal route of exposur~ to asbestos-contam1nated verm\cul1te 1s \nhalat1on (Sect1on 5.2.1). Subsequent secttons ~ddrPss the poss\b11,ty of 1ngest1on of asbestos from verm\cul\te releases 1nto the er.v1ron~ent (5.2.2) and the 1\kel\hood of dermal contact lead\ng to exposure (5.2.3). 

5.2.1 Inhalat1on of Asbestos-contam\nated Verm1cu11te 
A\rborne em1s51ons of ver~·\rul\te constitute a m\nor1ty of releases to the env1ronment (See Sect1on 4.0). However, the a~beitos f1bers 1n these em1ss\ons are pers1stent and read11y transported through the amb\ent atmosphere. Asbestos f1bers of resp1rable size) (<lO~m) are small and settle very slowly (Sawyer and Spooner 1978). Atmosoher1c transport 
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processes therefore tend to lead to exposure v1a 1nhalat1on of amb,ent a1r 
near po1nt sources of verm\cul1te discharges, as well as from nonpo\nt 
sources (e.g., agr1cultura1 a1d hort1cultural appltcat1ons). 

These po1nt sources of atmospher\c verm1cu11t2 d1schar~es are 
numerous: they 1nclude the four mines as well as the 47 cit\es w1th 
ext~11at1on fac111t1es. Exposure from these sources may be occupat1o~al 
(for those work1ng at the s1tes) or 2mb1ent (for those l1v1ng near the 
sHes). Transportation and d\sposa1 of vermkulHe may also result 1n 
dt~cspher1c em\ss1ons. 

The use of verm1cu11te-conta1n1r.g products may lead to 1nhalat1on 
exposure of 1ndustr1al and commerclal users and consumers. L1ttle 
mon1tor\ng data 's avallable to substantlate th1s (see Sect1on 6.0). 
fst1~4tes of atmosphertc concent~at1ons result1ng from general 
env1ronmental em1ss1~ns as well as consumer and occupat1onal use are 
provtded tn a l~ter sect1or. of thts report (Section &.4); expos~re \s 
est\n~ted 1n Sect1on 8.1. 

5.2.2 lngest1on of Asbestos-contaminated Verm\culite 

Much of the v~rm1cu1~te waste from m\n\ng, m1111ng, end exfoliat1on I~ 
d\scharged to water; some of the prucesses, such as wet ~enef1c\at1on. 
generat~ large qua~t1t1es of l1qu1d ~aste. These wastewaters are 
generally sent to settling ponds and the supernatant 1s recycled; thus, no 
d1scharge of asbestos-laden verm\cu11te to the env1ronrnent 1s expected. 
If asbestos from verm\cul\te entered the aquat1c envionment v1a washout, 
runoff. or d1rect d1schargP,, the f1bers would probably not enter the food 
cha\n to any appreciable extent (Callohan ~t al. 1979); theref~re, 
exposure v1a 1ngest1on of aquat1c organisms would be ins1gn1f1c~n~. 
Ingest1on of am~\ent water dur1ng such recreational act1v1t1es as 5~1mm\ng 
,s rarely a significant exposure (Scow et al. 1979). Use of contau1nated 
ambtent water as a potable-~ater source would lead to sign\f1cant exposure 
only 1f the water were not treated w1th standard coagulat1on-floccu1at1on, 
wh1ch remo·1es most asbestos (lawrence et al. 1975). 

Not all 1nhaled asbestos fibers are resp1rable; a fract1on of 
~art1cles entering the bronch1 are cleared from ~he resp\ratory system and are subseQuently 1ngested (T1mbrell 19&5). The exact d\mens1ons of 
respirable part1cles are not known, but part1cles greater than 10 ~mare 
generally too large to be ;eta1r.ea 1n the iungs {Stern 1976}. S1nce the 
ftber s\ze distribution of asb~stos 1n verm1cu11te 1s not known, the 
1ngest1on exposure from a1rborne part\culates cannot he determ1ned. 
Part1cles lar~er than the respirable f1bers settle more qu1ckly and would 
not be as widely transported from a po1nt sou;ce; the geograph~c r~nge of 
exposure would be l~m~ted to th~ 1~ed13te area. The greatest exposure 
vta 1ngestton of nonresptred ftbers would therefore be expected to occur 
1n areas w1th h\gh f\ber concentrat~or.s. 
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Verm\cul\te products are not used \n food p~ocess1ng, and uptake of 
f1bers by plants to wh1ch verm\cul\te fert\l\ze~s have been applied would 
not b~ expected. Movement·of chemicals across iOOt cell membranes \san 
act\ve transport process 1nvolv1ng elementa1 un\ts (Ray 1972}; f1bers 
cannot d\ffuse or be transported 1n th\s mc~~~r. In summary, ingestion 1s 
probably not an 1mportant route of exposure to asbestos 1n verm\cu11te. 5.2.~ Oernal Absorpt\o~ of Asbestos-Contam,nated Verm1cu11ta Th~ process\ng and use of verm1cul1te may 1~volve extens\ve dermal 
contact, such as w\th the use of plant growth med\a. However, asbestos 
f1btrs wouid probably not penetrate 1ntact sk\n surfaces. Dermal exposure 
would occur only \f the sk1n were broken and f1bers entered the body 
d\rectly. 
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6. MONITORING DATA AND ESTIMATES OF E~VIRONMENTAL CONCENTRATIONS 
TI1e pr1or1ty rev1ew of asbestos-conta~\nated verm\cul~te (USEPA 1980a) 1dent1f1ed a number of data gaps that could be f11led only by mon1tor1ng the data. As a result, the EPA-OTS F1eld Studies Branch 1n1t1ated a study of asbestos f1bers 1n bulk verm1cul1te samp1es and 1n m1n1ng and m1111ng operations (MRI 1982). The mon1tor1n9 project team 1n"t1ally planned to address exfol1at1on plants as well; pr'lor1ty sh1fts during the course of the project precluded th\s phase of the study, although two exfol~Jt1on plants located w1th benef1c1at1on plants were sarnpied. 

M1dwest Rese:rch Institute (MRI} coord1nated the efforts of Ontario Research Foundat1on and IIT Research Inst1tute. who were respons1ble tor sample ~nalyses. The re~ults of th1s mon1tor1ng study are summarized in th1s sect1on. The reader 1s referred to the MRI (1982) report. "Collect1on, Analys1s, and Character1zat1on of Vermiculite Samples for Fiber Content and Asbestos Contam1nat1on," for further details on exper1mental protocol, analys1s. and results. 

OSHA has mon1tored fiber levels 1n the O.H. Sco•t and Sons Co. lawn and garden products plant In Marysv11le, OH. These data are summar1ze~ w1th\n th1s sect\on. 

The monltor1ng data have been supplemented by estimates of environmental concentrat1or.. Computer htodel1n~ was performed by the General Software Corp. under the direction of the model1ng team of EPA's Chem1ca1 Fate Branc~. Estimates of levels encountered dur1ng consumer use of vermlcul1te products were based upon mon1tnr1ng, mater1als balance, and product use data. 

6.1 Mon1tor1ng of M1n1ng and H1111ng Far.i11t1es (MRI 1982~ 
Monltor1ng data on vermlcu11te have been gathered by ~1dwest Research I~st1tute (MRI) under an EPA contract. Sample analyses were conducted for MRl by Ontar1o Research Foundat1on (ORf) and liT Research Institute (IITRI). 

The or1glnal sccoe of the study included two phases. The f'lrst phase was the co~lectlon·and analysis of a1r and bulk samples associated w1th vermiculite ore and beneficiated verm1cul1te at U.S. ports of entry and from the four U.~. verm1cul1te mines. The second phase included a s1m11ar effort for a representat1ve number of exfo11at1on piants. 
Because of prior1ty sh1fts w1th1n EPA, the second phase was not undertaken and thr scope cf the first phase was reduced. Sampl\ng tr\ps were ~~de to the ft.R. Grace ~1ne and m1111ng facil1t1es, near Libby, Montana, during October 21 through 26, 1980; and to both the Grace and 
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Patterson m\nes and processing (1nclud,ng exfol\ation) fac111t1es near Enoree, S.C •• dur1r.~ November 3 through 6, 1980. Both a1r samples and bulk sam~les were collected at each l~cat1on. Alr sampl\ng was of two 
types. personal and stat1onary. 

A\r samples were analyzed only by phase ~ontract opt\ca1 m1croscopy. and the or1g1nally planned electron m1croscop1c analys\s was om\tted. Bulk samples cons1dered to ue representat\ve of each m~ne were selected as 
•pr~or1ty• s~mples for 1mmed1ate analys1s. Th1s set, compr1s\ng seven samples, included the head feed for the ore process\ng mtll and, where s\ze grades were produced. the ~mallest and m1d-s1ze grades. Samples were analyzed by var1cus techn\ques \nclud\ng electron m1croscopy for fjber content, w\th emphas\s on asbest1form m1nerals. The analys1s was ~one by two 1ndependent laborator1es. It was cons1dered poss\ble that f\bers could be bound between the vermtcul1te plates and released by 
exfo11at1on. Therefore. analyses were conducted both on the samples as rece1ved and after laboratory exfol\at1on to see 1f add1t1onal f1bers are 
relea~ed by exfol\at1on. laboratory exfol\at1on differs from commerc1al exfol\at1on \n that under the cond1t\ons of commerc1al exfol\at\on, much of the f\nes and heav\es are r~ved from the verm\cultte. The laboratory exfol1at,on is done under condH1ons that produce no ~ample 

• fractionation. Thus. much of the asbestos would be removed from the vermicul1te dur\ng cornmerc\al exfol\at1on, but none would be removed dur\ng laboratory e~fol1at1on. 

Oens\ty-separated fract1ons from the bul~ samples were analyzed by optical m1cruscopy (OM) and x-ray d1ffract1an (XRO) analysis. 
Isoprop~nol-susper.ded fract\ons of bul( samples ·of nonexfol\ated 
verm\cu11te and water-suspended fract1ons of exfol\ated bulk samples of verm\cu11te were analyzed by transm\ss1on electron m\croscopy (TEH). The results of the OM and XRD analyses are summarized 1n Table a. 

A difference in the 1nterpretat1on of the analyt1cal protocol re~ulted in a var\at1on 1n the counting procedure. The reQu\remPnt to count 100 f1bers ~as \nterpreted by ORf to mean 100 a~best\form f\bers. while IITRI counted 100 parttcles, defined as f\bers by hav1n~ an aspect rat\o of 
:!,3:1. To chec~ teh s1gn\f\cance of th\s cJ:.:.,t1~:; .. artatlon, two samples w1th d1fferent fiber character\st\cs were <~1ected for each laboratory to repeat the ar.alysis us1ng the alternate pr ·:eaur•. These samples tncluded grade 5 samples from Ubby, Montana, and f, Jtl Eils.rce. South CaroHna. 
Table 9 ls a su~ry of tne TEM analys1s c~ the selected samples and 
1ncludes the number of f1bers and the1r conre~trat1on tn parts per m1111on as determ1ned by th~ two laborator~es. 

The results suggest that there are more asbest1form f'bers assoc1ated with the smaller stze grades of vermlcultte than with the larger grades. 
8oth dust samples collec;ed at L1bby were found to have a very h\gh 
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Table a. SU!macy of Optical Uicroscop-.f/XIID Analysis ~sults 

II Sample 

Libby Grace 
Grade 1, 270•1 
Grade %, 276•I 
Grade 3, 2S~·I 
Grade 4, 282-I 
Grade 5, 264-I 
Grade 5 (l•day), 267·1 

lead feed, 291·I 
Extract, 294·1 
!aabou.e mill, 297•1 
Screen plant, 288•1 

S.C. Grace 
Grade 3., 430• I 

Grade 4, 433·1 

G~ade 5, 427•1 

Hill !e~d (+100 mesh), 
436-1 

Grade 3, expanded, 439•1 

Grade 4, expanded, 442-I 

S.C. Patterson 
ua,raded, 573•! 

Fibrous phases 
Est~ted Hineral 

Nonfibrous amp~iboles 
Est~ted Hine~~l mass, t tyPeS mass, t types 

4·6 
4-7 
2·4 

0.3•1 
2•4 
2·5 

21-26 
1-4 
8·12 
2•5 

< 1 

< 1 

Tre.·actiD 1•3 
Tre.·actia 3·5 
Trem•aetia < 1 
Trem-ac:tia 1•3 
Trem-actia 2·5 
Trem•actia 4·8 

< 1 
Trem·actin 6•9 
Trem·actia 1•3 
Trem·actin 2•6 
Tre.-actiD 1•4 

Mixed 2•4 
Anthophyllite < 1 
Trea-actin 
Hixed 1·3 
Anthophyllite 1·4 
!rem-actin 
Mixed 4·6 
Anthophyllite 2·4 
Trea•actin 
Mixed 1·3 
Anthophyllite 6•9 
Trea-actin 
Hued < 1 
~tnophyllite < 1 
Tr~·actin 
Mixed < 1 
~thophyllite 0.5·1 
Trem•ac:tin 

Mixed 
Trem·ac:tin 
Anthophyllite 

4-8 
8•12 

Tre~~•actin 
Trea-act.in 
Tree-Actin 
Trem•act.in 
Trem·actia 
Trea•actin 
Aathopbyllite 
Trea-actin 
Traa·actia 
Trea·actiD 
Tre~~·aetic 

Tre~~•acti.D 
Anthophyllite 

Anthophyllite 
Trea·actin 

Anthophyllite 
Trea·ac:till 

Allthophyllit.e 
Trem-acti.D 

Allthophyllite 
Trem·actin 

Anthophyllite 
Trem·ac:tin 

Anthophyllite 
Trea-actin 

a ~ith the exception of Sample No. 267-I, all results are for ~o~oaite U!Bples. 

b Fiber bundles were mixed phase materials--both anthophyllite a~d tremolite•actinolite w~re present. 

Source: ~ 1982. 
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Table 9. Slmra.."Y of Electron Z.ti.croscopy Analysis 

c Asbestiform fibers 1 all leasths 

Priorityb 
AD.alyaia. ~llibOle . Cb.i7aoti.le 

Sqple1 
exfoliated fibers/g Mass F1bers g Mass 

sample DO yes X 106 (ppat) X 106 (ppa) 

Libby Gra-:e 
GraTe 1 

3.5 X 10•3 270•1 X 31.6 78 0.9 
Grade 2 

276·1 X 23.4 48.5 0 0 
Grade 3 p 

259•1 X 38.9 210 0.9 0.01 
2S9•0 X '.5 59 < 2.1 

6.1 x-10·3 259•1 X 42.0 250 0.4 
259-0 X 59 240 < 1 

Grade 4 
282-o X 1 1 
282-I X 65 400 0 0 
282...0 X 1.8 17 < 0.4 

Gnde 5 p 
264-I X 118 840 
264-0 X 100 600 < 1.4 
264-I(O) X 127 1,200 
264-0(I) X 98 570 
264•1 X 142 2,600 
26:,-o X 160 1,800 < 1.6 
264·1(0) X 119 350 
264-0(I) X 110 2,600 < 1.6 

Read feed p 
291-I X 62.5 670 1.4 0.13 
291-o X 130 690 1.2 < l 
:!91-I X 73.8 590 

Extractor 
3.4 :c 10.3 294·1 X 55.0 420 0.7 

lUll du.t 
297•0 X 100 4,600 
297·1 X 777 35,000 

Screea.i.na dust 
288-0 X 300 3,000 < 1.6 
288-I X 1,800 41,000 

(c:oa.tia.ued) 
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Table 9. (continued) 

Analysis, c 

S111ple4 
Priorityb exfoliated 
a ample no yes 

$,.C. Grace 
Grac!e 3 p 

43o-I X 
430-<J X 
430-I X 
430~ X 

Grade 4 
433•! X 
433·0 X 
4l3•I X 
433-o X 

Grade 3 p 
427•! X 
427-o X 
427•!(0) X 
427-Q(I) X 
427-I X 
427-0 X 
427•!(0) X 
427-0(I} X 

Head feed p 
436•1 X 
436•0 X 
436-I X 

Grade 3 exfoliated 
439-I 

S.C. P•tterson 
t.eneficiated 

Uutnded p 
573-I X 
573-0 X 
S73•I X 
573-o X 

a The "I" and "O" following the samph 
!.cry, IITRI and ORF, respectively. 
counting procedure, e.g., 264-I(O) 
ORF procedure. 

Asbestifora fibers 2 all lengths 
Amphibole Ch;Jsotile 

Fiber::/& l-lass Fibers g Mass 
X 106 (ppm) X 106 (pp.) 

1.0 0.55 0.1 5 X 10•4 
2.7 < 1 < 0.3 
3.1 3.7 
2.4 1 < 0.5 

1.6 6.5 
2.7 35 < 0.3 
3.1 1.4 
2.7 2 < 0.3 

0.6 1.5 
17 37 2.6 

1 X •10-4 3.0 4.8 0.07 
31 130 2.6 < 1 
3.5 4.1 
2.9 120 < 0.3 
3.2 7.3 
2.4 9 0.9 < 1 

0.3 0.4C:I 
12 22 0.3 < 1 
1.3 0.81 

11.7 

0.03 3.7 X 10 ·4 0.03 1.4 X 10 -4 
1. 7 27 < 0.3 

5.3 x-10-J 0.5 3 0.2 
1.1 4 < 0.3 

number indicate the analyzing labora­
!he "(l)" and ·"(0)'' indicate the 

are the results from IITRI u~ing the 

b Seven samples were designated as priority samples for complete analysis at 
the time the progra~ was reduced in scope. 

c Analysis was conducted on the samples as recei~ed and following laboratory 
exfoliation, which unlike co~ercial exfoliation, does not cause sample 
fractionation. 
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amph1bole content and \nd\cate that cons\derable asbestos 1s removed from 
the verm\cul\te dur\ng benef\c\at\on. The South Carol\na verm\cu11te 
appears to conta\n substantially fewer asbest\form f\bers than does that 
from L\bby, Montana. The laboratory-exfol\ated verm\cul\te samples do not 
appear to conta\n s1gn1f1cantly more asbest\form f\bers than d\d the same 
samples analyzed before laboratory exfol\at\on. 

Table 10 1s a s~~ry of the phase contrast results of the a\r 
samples. Only one of the analyzed a\r samples exceeded 2.0 f\bers/cc. 
However, the ratny weather cond\t\ons at the t\me of samp11ng for all 
three locat\ons m\ght have resulted in lower than normal f\ber counts. 

MRI concluded that the IITRI and ORF results were \n general agreement 
w1th1n the expected range of var1ab111ty of the methodology. However, 1t 
can be seen from Ta~1e 9 that the\r results ofter. differ by as much as an 
order of magn1tude. These cata are 1ncluded \n the summary of monttor\ng 
data seen 1n Table 11. 

6.2 Mon1tor1nq of Exf~11at1on and Product Formulat1on 

OSHA has mon1tored f\ber levels at the O.H. Scott plant \n Marysv\lle, 
OH. The data are summar\zed 1n Table 11. Note that ~r.format1on \s 
lacking on analyt1cal methodz. 

The follow\r,c;; k\rtd:; of samples have been collected: 

• Area samples. Samples have been taken \h the expander 
(exfoi\at\on) ~reas and 1n other parts of the bu\ld\ng. Results 
are expressed as total f1ber counts: fibers have not been conf\rmed 
as asbestos. 

• Personnel samples taken dur1ng the performance of var\ous 
act1v1t\es (Tabie 11). These fibers are presumed to be asoestos. 

• Bulk verm\cul\te samples from d1fferent suppliers and from waste 
generat\on (Table 12). 

The MRI mon1tor1ng study (MRI 1982) ,ncluded some area ~ampl\ng 1n the 
v1c1n1ty of m\nes and m\lls (Table 10, stationary sa~~1es). A ~4x\mum of 
0.5 flee was recorded \n L\bby about 4.5 krn downw\r.c of the m\ne. A 
concentrat\on of 0.03 flee was r~corded at the W.R. Grace m1ne \n Enoree; 
0.05 flee was reported 100 m down.•\nd of the m\11. Levels reelthed 0.02 
flee w\th\n 50 m of the Patterson s\te in Enoree*. 

* 01 stance from source was not report ad 1 n HFU ( 198t): data \ s from 
personal commun1cat\on between Gaylord Atk\nson, HRI and John Oor1a, 
Versar, Inc. 
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l11blo to. Results of Phoso Con1rost Analysis of Air Samples Collected at Three Sites 

liOOY I GRACI:: 
106 Flold blanlr.D 

13:5 Flo\ d blankD 

Porson~el s~~ 

Ill Front loo~r, mine 
148 Pit houl .driver, mine 
138 ~lno analyst, mine 
141 Cottom opur:~tor, mill 
130 No. 2 opon11or, mill 
I .39 Oozor ope.·o1or, ml no 
101 Shuttlo truLir., bohoon 

£crooning ano.l sizing plant 

st,tlonllry S"!:~P~~.! 
104 Scroonln9 pl~nt, OW 
I 11 Scr .. •mlrg rl,.nt, OW 
106 lrllllor court 
li6 Nc>, 'eub:;.t.,tlon 

SO' JTII CI\ROI.I NA, Glt.I.CE 

312 flold blonkD 
346 rlold bl11n11.11 

~~personnel s~l_l!! 
310 Truck drlvur 
301 Orll!) II n•• oporator 

Mine stal\onar_y_ s~les 
307 lolln'l (IH cr-osswind 
52l Mine (E) downwind 
JJO Mine (W) upwind 

Samplo ffbers I cc 
OOF rrmt vel, (! . .!) ___________ _;:~----~-~:...;.:;:.:_ __ 

303 
'197 
294 
276 
26, 
:no 

390 
366 
169 

Ill 

291 
1,4 

264 

<0.02 
(1,03 

0,02 
<0,01 
1.5 
1,2 
3.1 
o.o?. 

o.t 

0,08 
o.t 
0.03 
0,03 

<0.02 
<0.02 

<0.01 
<0.01 

<0.01 
0.01 
o.o:s 

0,04 

o.o~ 

0,04 
0.01 
1,9 
0.4 
9,7 
0.2 

0.2 

0.!1 
(1.02 
Nob 
0,02 

0.04 
0.02 

0.3 
NOb 

0.02 
0,02 
0,01 



Table 10. (continued) 

Sample Fibers I cc 
S11mplo vol, (t) ORF IITRI 

~..!..!....!!!.< exfollallon_j!!i sonne;_l_~~ 
340 Mil I monl1or 340 0,03 0,03 
321 Mill lab tochn I clan 476 0.01 0.2 
347 No. 4 bag!}~Jr, c.xfo II at Jon 314 0.06 O, I 
3JO No. J bii!J!JOr, oxfollatlon 265 0, I 0.05 

~stationary s~l.!!s 
326 Mil I CENU clownwlnd 207 o.o, 0.04 
}35MIII {II) cro)S!>wlnd 60 0.04 NDb 

JOO ScroonlnoJ plont flOor }~ 0.06 o. 14 

SOUTH CAROLINA, PATTFRSON 

50'> flold blnnk11 <0.02 <0.01 
~ 53] flold blon~4 <0.02 0.02 N 

OonoficllltiO!) and expJndlng 
Porson_!!!!! smplcs 
500 PayiNd operator 255 <0.01 0.04 
520 Plant forotMn 252 0,01 0.3 
542 Bagger/forklift 249 <0.01 0.1 

Stllt lonnq-: Sc!JI1)1P.S 
~13 CNE) 1~wnwlnd tee <0.01 Nob 
505 Control ofl-slte 274 <0.01 NOll 

515 CSEl cros~wlnd 299 0,01 0.01 
5:.?6 (SWl upwind 147 0.02 NOb 

11 V<~I uns for 1.-li!nk~ wore calculdtod usumlng a 100-lltar sample. 
bNO: No flbQrs dotoctnd 1100 grldsl. 
OH' • Ontnrlo r~oso.srch foundation, 
IIIlO • I IT Ro~onrr:h lnstltuto. 
Sour co: MHI 1981, 



Table 11. St.rmlilry of f'oi1Hor\ng Data for Asbestos-cont.aininiJ vennlcullt.o 

SC¥1p H ng and lltl!tH!r Awastos fiber 
anatytleal of concentration, flee 

Population methods ob~rvat\oos ORFa IITRlb "IN I£M flAX Co!ments 

1. OCCUI't\ T l OHAL 

A. "lners and millers of 
vennl cullte 
0 Grace mine and mill at PS, 

Libby (HRl 1982) Oft 0.02 0.04 fron\. loader. mine 
<0.01 o.a~ Pit haul driver, mine 

1.5 1.9 ftino analyst, mine 
J.2 0.4 BottaD operator, m\11 
3.1 9., Ho. 2 operator, mlll Dozer 
0.02 0.2 operator, mine 
0. I 0.2 Shuttle truck, between 

plantR 

• Gl"acc mine <~.t Enoree PS, <0.01 0.3 Truck drIver ,.. 
w (tfl! 1982) Oft <0.01 tiD Dragllne operator 

• Crar.c mill aL Enoree PS, 0.03 0.03 Ml 11 .-oni tor 
(t'Rl 1982) OM 0.01 0.2 M\11 lab techn\r.\an 

• Patterson mtlt 
(see l C.) 

e. Importers and eKportors of 
vennlculltc 

c. Exfollators of vcnnlcullte 

• Cr~r.e facltll~ at Enorl>& PS, 1 0.06 0.1 No. 4 bagger 

(I'IRI 1'102) OH 1 0.1 o.os No.3 ba~r 

• PAtterson (.tcll\ty 
~beocfl clat ton. PS, <0.01 0.04 Payload operator 

axfo1\alloo) at Enoree Oft 0.01 0.3 Pbnt fortm!n 

(t1Rl 1982) <0.01 o. l ~.gger/fork II ft 



• 0. "· Scott, OS'" persoonal PS 
(OSI~ 1979) 

• O.H. Scott, OSHA .srea AS 
(OSI~ 1979) 

o. users of unexrollated 
y(!nnlcullte 

I. Steel worker!> 

z. Hdr.uf!cturers of gypsum 
w.tllbo.Jrd 

(a) Wholesale/retail 
traders or w.tllboard 

(b) lnstalll!rs or wall­
bo.Jrd 

£. Users of l!xfollated 
llel"'llicullte 

1. Produ~crs of lightweight 
<~g!jregates 

(a) users of plasters, 
concretes, and 
aggregates containing 
\lenni cui lle 

Table H. (coot\n\100) 

10 ND 
II NO 
22 ND 
IZ ND 
9 HO 
6 NO 
12 NO 

24 0 
24 0 ., HO 

2 
I 
1 
2 

0.21 Screens &nd m11ls 
D.3S ScrtJans and mills. blender 
0.21 Cleaning dr~er 
D. 19 Paddle mixer, dr~er 
0.096 Cl:lntrol operator 
0.014 fee.ier operator 
0.30 Procoss opQrator, •kplnder 

area 
1.1 Track unloading area 
0.036 Packaging 

NO ~lng, rebland, and 
sweeping 

NO .lronlzed control rom 
NO w.,.rellouse: receiving area 
NO W.Srehouse: mid-aisle 
NO folyfonm tr•ck area 



(t) Wholesale/retail traders 
or lightweight aggregates 

2. Producer~> or vermlc.ulllo 
lnsulr~tlon 

(a) u~er~ of venmlc~llte 
Insulation for loose f'll, 
block fill, and packing. 

(h) Wholesale, retail traders 
or vcnmlcullt· :mulalloo 

3. Producers of agricultural and 
horticultural prvducts contain­
lug vcnm\cullte 

• O.H. Sc.:oll (see t.C.) 

(a) Users of agricultural and 
horl\cultura1 product~ con. 
to~lnlng vem•l,..ullte 

(1) Ucers of pesticides 
and fertilizers 

(1) Users of hortlcultur~l 
~d\4 

(2) Users of cattle feed 

(3) Users of hatcher~ and 
poullr)l litter 

(b) Wholcsale/ret•ll lra~rs 
of .Jgrl cu 1 tlira 1 &nd tlfwt\ ~ 
cultural produr.ts contaln­
lnq Jcm;i•ulitc 

Tabl .. n. {c:ontfnuedJ 



4. Producers of minor vcnnlcullte­
contalnlng products 

(a) Producers of vermiculite 
filters for pollut lor. con­
trol and similar uses 

(1) Users oF vennicullte 
filters In waste­
Hater treattnP.nt 

(Z) u~cr~ of vermiculite 
for nuclear waste dis­
posal 

(3) Users of vetmlculite 
filters for alr 
puriflcat ion 

(b) Producers of oil well dril­
ling muds 

(1) Well drillers 

(c) Producers of art,rlclal du~t 
and flrepi.Jce ashes from 
vennlcul He 

(1) Hollon picture Industry 
workers 

(d) Producer~ of refractories 
and firebricks 

(1) Users of rcfrdctorlcs 
and firebricks 

(2) Hlsce11.uteous users of 
vumticu11tc products 

Table 11. (contlr14red) 



(3) "\scell~neous wholesaler/ 
retailers of vennlcul\te 
products 

5. Transporters of vennlcullte 

(a) lrtJck drivers 
(b) Ship Jnd doc\c 

~ulcers 

(c) Ra 11 workers 
(d) Warehousemen 

II. TRANSPORtATION NlD STORAGE 
SPILLS 

l 11. CONSUf4ERS 

A. llanoowners lu;ulattng 
attics 

PS, 

AS 

.,. 

....... 8. Users or lawn and 
garden rcrllllzers 

c. Users of hr>l•sllpl.?.nt 
potting soi I 

D. Users of kitty litter 

E. Users of vcnnicullte 
In barbccu~ grills 

IV. OISPOSAL 

V. FOOD 

Vt. ORlNKlMG WAtER 

lable 11. (cont!'nued) 

<0.01 0.3 See I.A. 

0 5ee l.C. 



VII. AHBIENT ENVIRONM£~1 

A. Air 

1. Concentrations around 
mines andml11s (HRI 198Z) 

e. water 

c. Soil 

~F • Ontario Research Foundation analysis of split sample. 

biiTRI ~ liT Research Institute ana1ysi~ of r~Jit sample. 

HD • Not detected. 

~ OH • Optical (phase contrast) microscopy. 
co 

PS a Per~onnel sample. 

AS • Area sample. 

Table H. (continued) 

13 <0.01 
o. 1 

ND-
0.5 

Within 5 ~of source 



T4b1~ 12. A~slos In Bulk S~le~ f~ 0.". Scott •nd Sons Co. 

S011rc:e lll•<tlytlcc~l rmthod 
--------· ·---- ---
Libby (uncxfoll4lcd) unk001o.n 

Libby (cxfoli~lcd) unknown 

S. Africa (uncxfolidtcd) unknown 

~- Afrlcd (cxfolldlcd) unknown 

Cyclone WdSlc unki\Oiolll 

Urycr W4slc unknown 

unknown 

Suurc:u: OS II/\, 1919, 

Ho. of 
obscrv4tlons 

2 

2 

2 

4 

A5bestos 
detected 

none 

none 

IlOilO 

001\C 



6.4 Est1mates of Environmental Concentrations of Asbestos from 
Vermicu1ite 

Because the primary exposure pathway for asbestos rele~sed by the 
m1n\ng processing, use, distribution, and d\sposal of verm\cul\te \s via 
\nhalatior, atmosphertc concentrations of asbestos are central to the 
developme~~ of an integrated exposure est\mate. Two baste types of 
emisstons can result tn exposure: (1) releases dur1ng !xfol\ation, and 
(2) releases during the use of vermiculite-conta\n\ng pr~ducts. Estimates 
of atmosp~ertc concentrations resulting from these emts~\ons are discussed 
tn Secttons 6.4.1 and 6.4.2. Atmospher\c modeling tn Section 6.4.1 was 
performed by Zcott Retngrover of General Software Corporation and Bill 
WOod, Joan Lefler, Loren Hall, and Annett Nold of the Chemical Fate Branch 
of EPA/EEO. No effort \s ~4de to d\fferenttate concentrattons for 
d\fferent f\ber s\zes of asbestos, despite the fact that fiber stze ~Y 
affect r\sk. because the a~sumptions and avatlable data underlying these 
estimates are too crude to support th1s type of analysts. 

6.4.1 Rel~ases from Exfoliation Plants* 

The releases from the model exfoliat1on plant described tn the 
regulatory options jocument (GCA 1980) were used to represent source 
strength at exfo1iatio~ plants. Emisstons ~ere assumed to occur uniformly 
over a year. The mode~ plant rates were c\trd without a part\cle s\ze 
breakdown. The asbestos f\bers of respirable size are of con~ern, and 
these are m~ch smaller than the verm\cu11te particles of large enough 
s\zefor the cornmerc\al grades. 'It was assumed that the releases escaping 
the bagnouse provide an estimate of the ~uantity of respira~le particles. 
The bas\s for the assumption \s that the baghouse would tend to trap 
larger particles. 

Emisstons from the baghouse ~ere cited as 0.58 kg/hr (0.16 g/sec) of 
vermiculite and 0.02& kg/hr (0.01 g/sec) of asbestos. Other eng\neer~ng 
data were not documented, but the effluent from the exfol\at\o,, furnace to 
the baghouse was est\rr~te1 to be 5,200 ft3/m1n (2.45 m3/sec), escaping 
the baghouse at 300°C. The work year for the plant was 6,000 hours. 
Exposure estimates were made assuming emissions of 0.01 g/sec continuously 
for a year. This ~ssumpt\on of continuous emissions does not take into 
account the &,000-hour work year; modeling results may therefore be 
overestimates by more than 50 percent, and should thus be considered 
worst-case averagss. 

The Atmospheric Tran~port and Diffusion Hodel {ATM) (Culkowske and 
Patterson 1976) was used to prov~de estimates of annua1 average fiber 
roncentrations surrounding the model exfoliation plant. Input parameters 
fer the ATM si~ulat\on are presented \n Table 13. Meteorologic conditions 

*Portions of th~s section were provided by Annett Noldi EPA/EED/CFB 
(1981). 
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were based ::~n w\nd rose data for a weather stat\on in St. Louh. 
M\ssourL Depos1t1on processes. 1nclud1ng washout. were included. Two 

simpler models were also used to bracket exposure levels. The results are 

summarized 1n Table 14. Worst-case concentrat\ons. wh\ch would exist for 

short t\ile spans (approx1mately an hour). were also est\mated us\ng a 

simple Gaussian plume model. PTMAX (Williamson 1973~ Turner 19&9). The 

wJrst-case results are on the order of 1 to 10 ~g/~ {see Table 14). 

·The annual averages provided by ATM are of greater ut\1\ty for estimating 

cumulative exposure. The ATM generates annual averages for sectors 

surrounding the source using w1nd rose data. As a ru'e of thWPb. the 

annual averages near the source tend to be two orders of magnitude less 

than the worst cases found by PTMAX. and tMs was roughly true \n tt.\s 

study. The position and ~~gnitude of the maximum concentration are' 

sensitive to wind speed and d\rect\on and atmospher\c stability. For the, 

St. Lou\s wind r~se. the maximum moves around the geographic area rather 

than rema\n\ng local\zed. so that averages are ~~ch lower than the 

max\~~. Sens1t\v\ty w1th respect. to source he1ght and temperature was 

tested w\th add\t\onal. trials of PTMAX and ATM; near-source con .. entrat\ons 

from ATM vary over almost an order of magnitude but concentrations more 
than a k\lometer away are much more stable. 

The Nat\onal Oceanographic and Atmospheric Adm\n\strationis 

Atmospher\c Turbulence and D1ffus1en Laboratory box·model (ATDL) provides 

a simple repre~entat\on of annual average pollutant concentrations near a 

po1nt or area source. The model 1s based on centering the source in an 

area def,ned by, the progranr.ler; 1n th\s case, a box 20 km by 20 k!!l wide 

and 150 m h!g~ was chosen. These d\mens\ons approx\mate the distance· 
within wh\ch ~\bers.from the exfol,ation plant may contribute 

significantly to background. Em\ss\ons of 0.01 g/sec asbestos \nto a w\nd 

veloc\ty of· 5.5 m/sec were, used; this represents age meteorological data . 

for St. Louis. Results (Table 14) are with\n the range predicted by ATM. 

F\gure & 1s a reproduct1on of the ATH Printout for th\s rac\l1ty· d t 

are generated for each of the JO distances from the source and .the 16 w~ : . 

d\rect1ons ., Population data are 1ncluded for each of the Whld 'rose n · 

sectors; these data am retrieved via a computerized interface with. 
SECPOP. a f11e of BurP.au of Census data. figure 7 summar1zes th · · 

and extremes of the concentrations estimated by ATM,.and illust etave~~ges 

rapid decJ1ne \n•levels as distance from the.source increases. ra es e 

It 1s assumed that the St. Louh meteorological dat~ and th d 
1 

p 1ant ern1 ss 1 ons w111 ·produce estimates of the env1 ronrnent 
1 

e m~ e · 

seen around all exfoHation plants. For the pu.rposPs f ~hi concen rations 
assessment, the St. Lou\s ATH data w\ll be a 1\ 0 s exposure· 

w1th exfol1at1on plants, although a \s reco~~h:~ i~aihe ~th~r 46 cities 

w\nd patterns wn 1 vary from location to locat\on. . em ss. on rates and 
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Table 14. Modeling Esthmtes of Mblent ~esios Fiber Cenc:entratrons 
S11To ... d1ng B v.,..1c:ultte Exfolfll'f'IQn Plent8 

Asbes'tot 
release 

rate, s/s.c 

0.01 

Sllort•tel'll . 
..arst-case asbestos 

concentration; ugie3 
(I'TMAXJ 

1.0 to 10.0 

Ar-ea a.nncaa I 
. awerage ccnc:entratian, 

(20 lui box) 
. vgt,.' 

(A TOt. box Allde 1 ) 

•values range owr se...-al or:clers of .. g.l"tllde due .to wry'ng wind dispersion "pet-terns. 

Source: Annett Nold. EPAI::ED/aB (1981}. 
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6.4.2 Reieases from Use of Products Conta1n1ng Verm1cu11te 

Asbestos concentrat1ons to wh1ch ~onsumers may be exposed were 
est1mated for three appl\cat1ons of verm1cul1te; these 1nclu~e loose-f\11 
\nsulat1on '" att\cs, a component of garden fert\l!zers, and a component 
of lawn fert111zers and herb1c1des. These uses were 1dent1f\ed as hav1ng 
th! most s1g~ificant consumer expos~re potential. Verm,cul\te's use as an 
aggregate results largely tn occupattonal exposure dur\ng app11cat1on of 
plasters anj concretes. Once 1n place, the verm1cul1te 1s conta\ned 
w\th\n a matr\x and w\11 not release asbestos f1bers. 

(1) verm1cu11te Loose-f111 Att1c Insulat1on. The calculat\ons of 
asbestos concentrat,ons generated by hom~owner tnstallat1on of vermiculite 
1nsu1at1on 1n att1cs were based on eng\neer1ng assumptions, mon\tortng 
data, mater\als balance 1nformat1on. and exper1menta11y-determ\ned release 
rates. It was assumed that the rate of verm1culite applicat\on would be 
tonstant over an e1ght-hour per1od {the durat1on c1ted by JR8 (1982)). No 
a'r exchange was factored tn. and ·1t was assumed that all f1bers released 
would rema~n a\rborne. 

The mater1als balance data furn1shed by JRB (1982} 1nd1clte that 510 
kg of venB1cu11te are us~d 1n an average att1c, wh1ch would have a volume 
of iSS ml. It \s assumed that 1 percent of the bulk verm1cu1\te (of the 
grades used \n 1nsulat1on) 1s asbestos. Th\s assumpt\on 1s based on the 
data 1n MRI (1982), although few samples of exfo11ated verm1cul1te were 
analyzed. Some exfo11ated verm1cul\tes w\il conta1~ less than 1 percent 
asbestos. One percent 1s used as a reasonable worst case. 

The release of dust 1nto the a1r was est1mated by s\mulat1ng the 
pour1ng and spread1ng act\on 1nvolv~d 1n \nsta1lat1on. 
Horticultural-grade verm1cul,te was obta1ned; ~t 1s assumed that \t \s 
roughly equivalent to that use~ for 1nsulat1on. The verm1cu11te was 
weighed on an e1ectron1c balance accurate to 0.1 g, poured, then 
rewe1ghed. The amount lost was the dust that d1d not settle 1mmed1ately 
after pourtng, and made up 0.0425 percent of th& total mass. 

If 510 kg of vermtcu11te are app11ed evenly over ~ght hours, the 
hourly rate 1s 510/8. or 63.75 kg. The hourly asbestos release to the 
atmosphere ts calculated by mult\ply1ng the release rate, percent 
asbestos, and the appl1catton rate. 

0.000425 X 0.01 X 63.75 kg= O.OOO~i kg 

In a 158 m3 att1c volume, the concentrat1on after one hour would be 
0.00027 kg/158m3 or 1,700 ~g/m~. If no f1bers settled 1n the 
e1ght-hour per1od of _app11c~t1on, the concentrat1on of asbestos 1n the 
attic would reach 13,&00 ~g/m3 (see F1gure 8). 
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r~~ assumpt1ons \nvolved 1n th\s calculat\~n mak~ \t a worst-case 
est1mate; \t \s probable that some of the dust will settle out, and 
v~nt\lat\on ~n the att\c w\11 remove some of the dust. The 1ack of 
part1cle s\'e data prevents use of settltng veloc\ty data (such as that 
shown \n'F\gure 2). 

(2) Verm\cul\tc-carrler Garaen Ferti11zers. Atmospheric 
concentrat\ons of asbestos result1ng from the use of verm,cul\te-based 
fert\Hzer in gardens were ast\mated, based on product \nformat\on, 
mon\tor\ng data, eng\neer\ng assumpt1ons, and e~per1menta1 results. 

A dust release rate of 0.0643 percent was obtained by we1gh\ng a bag 
of garden fert\1\zer before and after pour1ng; some a\r movement was 
s\mulated dur\ng the exper1ment. It was assumed that the dust co~~os\t1on 
was \dent\cal t~-the product formulation g\ven on the package; therefore, 
about 20 percent of the dust was verm\cul1te, of wh\ch one percent is 
asbestos fibers. 

The 10 lb. bag of fertilizer is des1gned to treat 600 ft2. whtch is 
assumed to be the area of an avera9e garden. Rel~ase of dust ls 
cont\nuous over the area, and all f1bers are assumed to rema1n suspended 
\n the a1r. 

Treatment of a &00 ft2 garden w1th a 10 lb. (4540 g) bag of 
fert111zer w111 result \n the release of 0.0058 g of asbestcs f\bers: 

~000643 (dust release x 4540g x .20 (~ercent x 0.01 (percent = 0.0058g 
factor) verm\cuHte) asbestos) . 

Jf th1s asbestos fiber concentrat1on 1s conta\ned w\th,n the \mmed1ate 
area of appltcatt~n. the volume of air affected may be est\mated as 

&00 ft2 x 6ft or 3600 ft3 (102m3); 

thts s1mple box model prov1des a worst-case approx1mat\on of short-term 
concentrat,nns. 

The concentrat1on of asbestos f1bers rele3sed from garden fert11\zer 
use 1s therefore~ 

0.0058 g + 102m3, or 57 ug/m3~ 

Th1s concentrat1on \s the accumulat1on of all the fibers released dur,ng -
appl1cat1on and \s the max\mum that rn\ght be expected. A concentration of 
28 ~g/m3 would be expected after half the fert111zer \s appl,ed: a 
11near funct~on such as that seen \n F1gure 8 \s assumed 1n 'th1s model as 
well. 
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(3) Verm1cu1He--::arr1er law" Fert111zers an.:! Hert-1cides. The release rate (0.0643 percent) obtained for gar~en fert1J1zers was also used 1n 
t~is approx1mat1on. Other factors remafn the same, w1th the except1or, of product-specific 1nformat1on: 

• 15 percent of the produ~t 1s verm\cu11te, approximated from pactage 1nformat1on and patent formulat1on data (U.S. Patent No. 3,083.089) 
• 7.6 leg treats 465m2. frora package 1nformat1on. 

It was est1mated that the average lot s1ze 1~ one-Qua~ter acre 
(101em2). The asbeHils released from lawn ferttthe,. .\pp11cat1on car. be est\mated: 

0.000643 (dust release x 7600g product x 1010 m2 x 0.15 (percent 
rate) 465 iii2 verm1cu11te) 

x 0.01 (percent· • 15,900 119 
asbe!tos) 

A box model (1.8 m by 1010 ra2, or 1918 ml) ~s used to calc.ulate the asbestos concentrat1on after all fert111zer 1s app11ed: 

15,900 ~ • 8.7 pg/m3 asbestos 
1.818 

The concentrat1on after onP half the fertilizer had been aop11~~ would ~e 
-4.4 \lg/ml. 

Th1s type of s1m,le model assumes that m1x1ng 1s homogeneous and 1nstantaneous w1th1n the box: although th1s 1s not a val1d assump'Cion, it serves the purpose af est1mat1ng worst-case exposure. 
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7. EXPOSED POPUlATIONS 

The follow\ng sect1on presents the best avaUable data concern\ng the 
number of ~ersons exposed to ·asbestos-contam\nated venDicul\te. ln ~ny 
cases, the data apply to the total numbers of producers and users of 
verm1cul~te: no attempt 1s made to est1mate the proport1on us,ng the 
asbestos-contamtnated m\neral. Section 7~1 i\sts the 
occupat1onally-exp~sed populations, Sectton 7.2 deals w\th consumers of 
ve"111\cu11te prod.tcts, and Sect\on 7.3 est\mates the populat\on exp~sed to 
asbestos v1a ambtent air near verm,cul\te em\ss\on po\nt sources. 

7.1 Occupational Populat\ons 

7.1.1 M\ners and M\llers 

There are fcur act1ve verm1cu11te mtnes \n the u.s.: W.R. Grace \n 
Libby, Montana; Grace \n Enoree, South Caroltna; the Patterson 
Vermiculite Co., also \n E~uree~ and V\rg\n\a Verm~cul\te in Lou\sa 
County, V\rg1n1a. The Grace mine tn libby produced 181,000 kkg of 
verm1cu1He tn 1979 (JRB 1982). Ore \s mined by bench quarrying us\ng 
power shovels and ammon1um n1trate blasting. After m\ntng. 1t 1s haoled 
by truc~s to a nearby prlmary process1ng plar.t and then to the m\ll (JRB 
1S82). The l\bby m\ne employs 250 persons (ElS 1980}. Thr Srace Q\ne at 
Enoree produced 119,000 kkg 1n 1979 {JRB 1982). Ore \s m\ne~ fr~ 
several open p1ts, explo\ted wtth 1\ttle or r.o blast\ng. lt is then 
hauled by trucks on publ1c roads to a central concentrat1ng m\11 ('JRB 
1982). Based on operattons at the L1bby m\ne. 1t 1s assumed that t~e 
Grace m\ne at Enoree employs 200 person~. The Patterson Verm1c~i\te 
Company m\ned s.ooo kkg ,n 1979 (JRB 1982). The ore 1S m1ned f.-or.~ open 
p\ts and hauled by trucks to the m\11 two ~tles awa1 (JRS lSE?). 
Patterson has between 20 and 49 employees {EIS 1980). The V'rg\n\a 
Verm\cul\te m\ne began operat\ous 1n i979. m\ning 9,000 kkg (JRB ~9S2). 
further data are unavatlable. Ustng f1qures for Patterson as a gu1ce. 1t 
1s assumed that the Virg1n1a mtne employs between 20 and 49 person~. 

The total number of employees \nvolved 'r. venm\~ul\te m\n1ng and 
m\111ng 1s between 490 and 54S. Over half of these workers are exp~·ted 
to be non-operat1ng support personnei (Huns\cker and S1ttenf1~1d 19:~); 
therefore. these f1gures are an upper j\m1t for exposure. 

7.1.2 Exfo11ators 

There are 52 verm,cu11te •xfo11at1on plants '" 32 states (JRB 1992}. 
fmployment f1gures for these p1ants (see Table 15) represent an upper 
1\m\t for poss1ble verm\cul\te exposure. ?cpulat\ons r.~y be 
overest1mated for the follow1ng reasons: {1} figures 1nclude c1er1ca1 
personnel who s~y not be c!\rectly exposed and (2) non-verm1cu1He 
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Table IS. IDeation, E~~¥~1o,-nt, end R'oduc:ts of u.s. Exfoliation Plants 

Brouk Co, 

Cle~~eland EUildiN"S ~pply Co. 

Diversified Insulation Inc. 

J.P. Austf n As.soc., Inc. 

W,R, Grace Co, 1 Construction 
Products 01 v. 

W,R, Grace Co., Cons't:'uctlcn 
ProdiiCtS 0 I v, 

W,R, GraC6 Co., Construction 
Products 01 v, 

W,R, Grace Co,, Construction 
Products or ... 

W,R. Grace Co,, Cons1T'uetlon 
R'oduets Olv. 

W.R. Grace Co,, Construction 
Products Dl v. 

W,R, Grace eo-, Obnstr~lon 
Products Olv. 

lt,R:, Grace Co,, Constr.JCtlon 
Pl"oduets or v. 

it,R, Grace Co,, Consfr:uctlon 
·f'rodiiCts 01 v. 

IDeation 

St. loc:ls, 140 

Clewtland, OH 

Nln1168pol Is, MN 

P'ewtr Fo:al I s, !'a\ 

l,.ondale, Al 

Phoen l x. A1. 

Nor'th Little Raeit, M 

Newark., CA 

Oenl/el", Co 

Jacksonville, FL 
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NUIIber of 
~loyees 

35 

200 

25 

36 

75 

R'oduct 

gyps .. 

Insulation 

elCfol iated vermlcul I ~• 

con<=rete produet s 

crude petroleiJII; oil and gas 
e)Ci)IOI"atlon; exfoliated 
wnalcullte 

chemicals 

extol iated vermiculite 

fert I I 1 :eros 



*-"' 

V.R. Gri!ICi'l Co., Coi\S'tnle:tlOI\ 
A'cchxrts 0 I v. 

w.a. Gn<:9 Co. • Cocls'tnlcttor~ 
A"oduo:ts Olv. 

ii.R. &-a<:9 Co., Can'S1"NCtlon 
Froctuo:ts Cl v. 

w.R. Gr- CQ •• Con'S1Tuc:tl<lft 
Pr'oduc:rts tll v. 

W.R. Grace Co. • Construction 
Prod~ts 01 "• 

V .R •. Grece Co., Oonstn.lc:t I on 
Prod !.ids ~~ v. 

w.R. Grace CQ, .. Oortstnie1"1QII 
l'roduc'ts til "'• 

v.R. Eraee Co., t:onsff'lletiOQ 
ProducTs 0111. 

Ill.~. Grace eo., Ootlstruc:tlon 
A'oduc:ts 01 v. 

W.R. Grace Co., ConSti"'IC:'tlon 
Products Olv. 

W.R. Grace Co. • Cons'trulot ion 
A'oducts orv. 

w.~ •. Gr,ac:e Co •• Cons~tton 
Products Ol "• 

Table lS. (Continued) 

t,oeettm 

W. Cb I cago, H. 

Mewpa-t, KY 

Nw Or"lC~ans, I.A 

leltsvlt le, folD 

Eastll~ton, MA 

O.l!lrborn, Ml 

1< lnneapo II s. loUt 

St • l.ou Is. t.10 

Onoelus, N9 

Tr&~~ton, etJ 

'lleedsPOM' • N"'' 

ttl9ll Point, HI; 

. .,. 
o .. 

ltil!lbet" of 

~·ayees 

30 

100 

20 

3>9 

:ss 

20 

'' 
so 

35 

Proc:tuet 

ufolhted •Hu•.roll fte 

insulation 

~structlon a&ter!als 

bul h!lng P-'9«" and board 
allis 

lnsula'tl<lft 

eldollated ven~lcvll'ht; lill:O con-
crete p.-<14«;ts t~G eaplo,oeul 

PGIISI\es, llnll Sllnlt61""t 
P!"Oiiueb 

lnsulatlon; :eh;t noaoe t~r<r • ..-
IIIBI'I'ts C22 &e(lloyMS) 

eiCfot !atee ~tenaiQlll'te 

l 1t5~Jl et I Clfl 

eiCfollet.o vermicutlta 



w.R. Grace eo., Construction 
Products Oh·. 

V.R. Q"acG Co., O:lnstruc:tlon 
Pr-oducts Dlv. 

W.R. Grace Co., Constr-uc:tlon 
Pr'oducts Olv. 

w.R. Grace eo., Construc!'lon 
Products 01 v. 

W.R. Grace Co., Construction 
Products 01 v. 

W.R. Grace Co., Co'lstruc:tlcn 
Products 01 v. 

W.R. Gr'ac:e Co., eonstr-uc:tlcn 
Pro:lucts 01 v. 

W.R. Q"ace CJo. ~str-uc:t!on 
Prcduc:ts Olv. 

W.R •. Grace Co., Constn;.:Tion 
Products 01 v. 

ii.R. Grace Co., Constl"ucT.Ion 
f'l"~dut:t s 01 v. 

International Vermiculite Co. 

K.oos Inc. 

laDle 15. (Continued) 

Location 

Okl al'loms CIty • 01< 

Nltw Castle, PA 

Kearney. SC 

Travelers Rest, SC 

Encree, SC 

Mlls!lv llle, TN 20 

San In ten I o. iX 

011 lies, TX 

Nl !otaukee, WI 21 

Girard, I L 20- 4~ 

100- 249 

64 

Product 

equlp.ent rerttal and leasing; 
cr-ude petroleUift, oil and gas 
uploratlon, ol I tletd and 
other lllltclll nes 

plastic pr-oducts 

exfoliated venalcut lte 

insulatlcn; also 
fertlll zers 
(105 ~loyeas) 

soap and detergents 

chocolate and cocoa, 
ext~liated vermiculite 

llllneral otool 

agricultural ehemleals 



Table lS. tcant\1U!!C11 

Nil me t.Dcatlon ~!>er of 

~lcyees 

Mica Pellets, Inc. De Kalb, IL 20- .&9 

Robinson Insulating Co. Q-eat Fells, MT 

Robinson Insulating Co. Minot, NO 

Sctt~mdler. eo. Mttudlen, NJ 20 - 49 

o.toe. Sc:ott Misrysvl tie, Ott 1, 000 - : • .&99 

Strong-Lite Proauc:ts Pine Bluff, N< 

Verllte Co. TaiiiPa. Fl. 

Vermlc:ullta of Hlll~ll, Inc:. H:lnolulu, HI 

Vermiculite lnterwountaln~ Inc. Selt Lake City, UT 

Vermlc:ullte Products, Inc:. ltlus 1'on, TX 

A.B. 01 c:k Oenver, CO 

Olversltlecl Insulation 'lie II sv I lie, KS 50- 9'9 

1.1 te we lght Products Kansas CI-ty, KS 

Patterson Vel"'lllcullhl to. Enoree, SC a 

VIrginia vermiculite Ululsa Co., VA • 

a Probably Included In mining population figures (see Taoie 11). 

Sources: EIS 1980. 
JRB 1982. 
OSAA 1979. 
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Produc:1' 

lnsulat I on 

Insulation 

concrete block and bt't c:k. 

fwtlllzers 

building pai)Gr' end 
board azllls 



conta1n1ng products may also be manufactured at the plant: the~e products are 1\sted 1n the table ~~t·hen they are known. Persons involved 1n manufacture of such ~roducts may not be exposed to vermtcul\te. 
A typ1ca1 exfoliation plant has three men in operattons and two men for other work per furnace for each ~hift (Hunsicker and S1ttenf1eld 1979). However, not all employees exposed to vermiculite at these .plants are involved 1n exfoliation. The cost of transporting e~foliated vermiculite proh1b1ts locating exfo11at1on plants great distances from locations of further processing or end use. Therefore, about one third of all exfoliated vermiculite \s formulated 1nto a final product at the exfo11at1on plant. The other ~-thirds is bagged or sh\~ped 1n bulk for subsequent reformulation, rebagg\ng, or use as 1s by the consumer (see Table 16). Consequently, workers at the same plant may be exposed to vermtcul1te by exfo11at1on, formulation. baggtng, loading, or combinations of these operat1ons. 

'· . Some exfoliat1on occurs at m\ne sites. W.R. Grace in Enoree is. est.\mated.~o exfol1ate 5,000 kkg per year at a plant near the m\ne (J~B 1982); 133 workers are involved 1n exfo11ation there (Table 15). . Patterson exfoliates all its verm1cul\te at 1ts m\11; they sh1p no unexfol1ated verm1cul1te. The number of employees listed for the m1ne probably includes exfo11ators. V1rg1nia Vormicul1te 1s estimated to exfoliate 2,000 kkg at the mine site (JRB 1982): the number of employees involved 1s unknown. No vermtcu11te 1s exfoliated at the Grace mfne 1n Libby (JRB 1982). 

Employment f1gures are not available for some exfol1at1on plants 11sted 1n Table 15. Based on an average of 120 employees per plant. calculated from known employment, the total number of workers in exfol1at1ng plants (excluding the Patterson and Virginia m1nes) 1s 
b~th~en 1,694 and 1,979. 

7.1.3 Other Occupationally Exposed Populations 
T~ble 17 summarizes the populations exposed to verm1culite. Few data are ava\lable on the extent of vermicul1te use w1th1n each 1ndustry. Therefore, the percentage of workers 1n each industry actually exposed to verm1cul1te 1s often \mposs1ble to determ1ne. Table 17 does incluje some exposure data der1ved from the National Occupat1ona1 Health Survey. In us1ng Table 17, note that exposure result\ng from ~nufacture or formulation of vermiculite-conta1n1ng products at the exfoliating plant 1s included under the heading •Exfoliation• and \s not differentiated from exposure result1ng from exfol1at1on per se. 
The uses of exfoliated vermfcul\te are numerous, but 98 percent of consumption falls 1nto three major categor1es: 11ghtwe1ght aggregates. 



Table 16. Estt11111tes for Verml eullte Transportation tr011 Exfoliation Plant 

Exfoliated vel"ltlcullte (f)erc:ent of total) 

End use Beg Bulk use et plant 

Aggregates 24 t2 

Insulation 31 

~<grh:ultural chU~Ical carrier 3 13 

Q-Oiflng 118dle 7 7 

OthiBI" uses 

TOTAL 64 3 33 

Source: .RB 1982. 
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Table 1}, Summart of Estimated Populotton Exposure to Vermlcullte8 



Popul.,tlon 

• Plasterers 
• Drywat t Installers 

(b) Wholesafelretall traders of 
I lghtwelght eggreg.:~tes 
• 3ulldlng material suppliers 

2. Producers ot vermiculite Insulation· 
• Soe I.e. 

CaJ Users of vermiculite Insulation 
for loose fill, block fill, arod 
packing 

• Construction laborers 
(Soe I.E.f,(a)) 

• Insulation workers 
• 911ppors and recolvers 

(b) Wholesalo/retall traders of 
vormleullto Insulation 
• Oulldlng motorial suppliers 

(!:oe t.E.I(b)) 

'· A-odueors of agrlculturel 
and horticultural prod.leh 
containing vermiculite 

• Rostlcl~ end forttllzor 
ror~r~~Jiators 

• Premixed sol I fornu I ators 
• Cottle toed for111.1lotors 
tt lf.ltehery and poultry 

litter formulators 
(a) Users of II!Jrlculturoll 

hortkul turttl products 

Table 11. {c.ont' nuod) 
~-

M.Jmber Toter 
of nlllfler of · 

establislments persons 

362 
l52 

40,600 29.t,m 

72 

44,000 

Nulllbef"_of 
perso_ns 
exposed 

4,242 
16,204 

298 

Cocllnents 

NIJfS 1!:80 
NOHS 1980 

Bureau of Census 1980 

lllreau of Census 1980 



...... 
0 

PopulatIon 

containing vermiculite 
(I) UsOf"ll of pests c I de" 

end fertlllzr»rs 
• tllrllerymen 

• O"oollltOltso 011\lloyoos 
• Gt.rtlenors anti gro"Jndskoopttrs 
• Landscape eontrec~ors 
• AgrloJitural workers: faml ly 
• A9;lcut1·urol workurs: lfltge 

laborers 
(2) Usors of hortlcultural media 

• Soo I.E.:S.CeH U 
• rtorlsh 

0) Ull:rs <•f c11ttle foud 
(4) U'i•!rs of hotchory ond 

poultry llttor 
(b) Wholosola/rt~t31 I tredors of 

n•Jrl c•1l ture ll'hor·tlculfurGI 
pr•J<~c: Is coo1tefnlng vorml cull to 

• llllr<lot~tre storos 
• Lewn 11nd gGrdon stores 
• I'Kug stores 
• fuod :. tore$ 
• fot!d/fortll suppl tors 
• Qmoral •rehandl!l& 

retoll&r$ 

lab1e 1l. fcunt\nued) 

tl.Jmber 
of 

estab1 \shmMits. 

10 

78 

29,400 

26,500 
''·~00 
44,400 

Tote I 
IIU!ber of 

persons 

) 3,400 

299,000 

88,000 

112,800 
27,000 

440,000 
2,000,000 

2,200,000 

·Numb.,,. of 
per"...>nS . 
exposed 

666 

.. 70 

C01111111tnts 

Amer. Assoc. H\lrswymen" 
1981 

tDtS l980 

llureau of Census i980 
tats 1980 

llureau of Cen~us 1980 

Bureau of Census 1980 
Bureau of Census 1980 
Bllroau of Census 1980 
Bvroau of Census 1980 
Bure4u of Census 1980 

Ellreau of Cl9nsus 1980 



fbriul at I on 

4. Prodlcers of 111lnor vermleul ltct­
coot.!~lfllng products 
(a) Pr·oll!curs of vermiculite fl lters 

for pofh.1tlon control and 
similar U'les 
Cl) U$81"5 of vermiculite filters 

In wuteveter treetlmnt 
C21 •Jse~s of vermiculite for 

nueloar waste dlnpo,el 
• tlJcloer pllyslclens 

(~) Users of vermiculite filters 
for air purification 
• t.'r:!n!Ull ml nors 

(b) Producers of oil ~II drilling muds 
(II WOII drillers 

Cc> Producers of artificial wst and 
t lrupl t~ce ashes frCJm vfJrml c••l lte 
(I) ~t I•Jn picture In ells try workers 

(d) Prodlcors of r3fractorles and 

firebricks 
(I) Us•Jrs of refr11ctorlos and 

tfrl:'brld.A 
• Iron and stool .. orkers 

cs,., 1.0.1.> 
• N:m-ferr·ous foundry workers 

(el Hlsc11llaneous produo:ers cllnd users of 

vor·mlcullto (lrotllch 
(II Hn•ufadurttrs of: 

• Paint 

Table 11. (continued) 

M.lmber 

of 

establl ~lm!nt s 

25 

Toto I 
aUltJer of 

perSOfls 

> 1,200 

9,000 

69,000 

78,000 

37,000 

- t+Jmber of 
person~ 

exposed 
C011110nts 

American Col r. Nuclear 
Physicians 1991t 

Bureau of Census 1980 

lllreau of Census 1980 

Refractory lnst. 1981* 

Bureau of Census 1990 

Bureou of Census 1980 



lable ll. (continued) 

ltlmber 
Population of 

estclbHstments 

• £n1111181 
• Ink 
• Plastics 
• Rubber 
• Peper 
• Fobrlcs 
• Plywood 

(2) MlsceiiDnoous users of vermiculite 
produeh 

• Witlaers 
• W:!rkers e)Cposed to lndustr\at 

premhtos 
• WOrkers eMPosod to vermfcullt~ 

sound Insulation 
C3) Mlscollonoous wholesolerslrotollers 

of vermlcul He products 
e Soe I.E • 3. (b) 
• l'l»t stores 

'· Transporters of vormlcullto 
(!)Truck drivers 

( 21 Sill p end dock ~«:.~rkers 

01 !loll ~•rkors 

• lrolgllt hondlors 
( 4) w.trohousemn 

11. TRANSPORTATION AND ST~GE SPILlS 

Total 
mamer of 
persons 

145,000 
,87,000 

1,900,000 

Number of 
persons 
exposed 

129 

108 

Comntnts 

~reau of Census 1980 
Bureau of Consu' 1980 

B.lreau of Census 1980 
NOOS 1980 

totS 1980 



...., 
w 

Population 

Ill. '= ONSl.M£ft5 

A. fblll'low'ners Insulating attrca 
a, U;.,rs of I own ond g11rder· fttrtl f lzers 
C. Users of houseplant pottl:tg sol I 

• f.bnbers of •bbby Q-eenhouse 
Owners Assoc. of Amerlco 

• ftous~ pl.snt owners 

o. Us~rs ot klttv litter 
!:. ·Users of vormlcullte In bl'lrb(IC:Uct grills 

I v. 01 SI'OSAl 

v. roon 

VI. DRIN<INO WATER 

VI I. AMBIENT 
A. AIr 

1. Porsons.ne11r minos antf 111flfs 

2. Rtrsons near exfoliation sites 

J. F\Jr~ons noor users of ~wml cui I te 

table 17. Cconttnued) 

Mlmber 
or 

esubl isments 

94,000 

Total 
numer of 
persons 

189,000 
c 74,400,000 

> 46,600,000 

15,000,000 - <3,900,000 

Number of 
persons 
exposed 

188,000 

" 1.J,t47,496 fJ,147,496 

CO!Mftnh 

Vorsar estl~~~ate 
SPN ;.~ 

Encyclopedia of Anocta­
tlons(l981) 

SIN 1')00 

SHR8 1960 

Estimates bosed on Bureau 
ol Census Advance Reports 
lor 1980 populat•on 
(Buroou of C~nsus 1981J 
Bure11u of Census Advance 
Attports for 1980 pop11latlon 
18ureau of Consus 1981J 



• 
t 

* 

Population 

n. W11tor 
C. UIRd 

lable ll. (conttnued) 

tllmber 
of 

establ \stwnenb 

Tote I 
nlllber- or 
persons 

~li·~!Jer of 
persons 
elCJ")$ed 

At 1 nvall11h le and portlnon t data o1ro unteroo.:l In tho t11111e: no entry lndlcatos that no dota ore 
av111 Jabloo 

Pors•lnttl ec)rntlllnlclltlon botwoon OQbra Olllarol of AAN e111t Pat Wo.,d of Yerur, l~vflt'llber 2, 1961, 

~rsonat c0111aunlcatlon behoen Susan Tholr.4S of ACNP ond Pat ~bod of Versar, N:Jvember 19, 1901. 

Porsort.•l cornnunfcetlon botwQort Dotty larch of Rl end Pet Wood of Vorur, Novombor 17, I -JOt. 
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1nsulat1on, an~ agr\cultural uses (JRB 1982). Abo~t two-thirds of all 
vem1cul1te 1s used -1n the const!"'uct\on industry for Hghtwe1ght 
aggregates and 1nsulat1on. The following uses of venm1tul1te are 
summartzed from the ~ter\als balance (JRB 1982). 

(1) L\ghtwe\qht aggregates (JRB 1982). l\ghtwe\ght aggregates 
include concrete aggregates, plaster aggregates. and aggregate prem1xes. 
More tltatt 95 percent of v~r:.i\cul He concrete \s batched and poured on 
s1te from ver~\cu11te bagg~d and shipped from the exfol~at1ng plant. The 
rema\n\ng 5 percent \s batched 1n bulk at concrete premtx plants. About 
·2.5 percent of the verm,cu11te concrete 1ndustry cons1sts of precast 
products. mostly br1ck and block. 

No data are ava11able on the number of vena1cul~te concrete prem1x1ng 
or precast1ng plants. lnsta11at1on of verm1cul\te concrete \s performed 
by a very small number of spec\alty contractors. · 

Vermtc~l,te can also be m\xed w\th gypsum or Portland cement to form 
a plaster. Th1s \s applted by spraytng or by hand troweltng to metal 
surfaces or to walls and ce\1\ngs. The use of verm\cultte plasters tn 
walls and cetl\ngs 1s decreasing. 

Verm\cul\te plasters may be mixed at the construct1on site or 
formulated 1nto prem\xes at the exfoltat\on plant. Plasters and prem\xes 
are used matnly for soundprooftng. f1reproof1ng, decorattve f1n1shes. and 
antt-condensatton coat1ngs. In addttton, verrn\cu11te prem\xes have 
tndustrta: appltcattons 1n chemical p1ants, ott reftnertes. and mtnes. 

{2) In~ulatton (JRB 1982>. · Vermtcultte for tnsulatton ts bagged and 
shtpped d~rectly frcm the exfoltation plant. Exfo11ated verm~cultte may 
be used as loose-f\11 or as block-ftll tnsulatton. In th~ f1rst case. 
verm\cul1te h pcured between the rafters tn atttcs and le.veled; thh \s 
often a consumer use. ln the second case, vermtcultte ts poured into the 
cavtt\es of concrete blocks as a wall ts be1ng constructed. 

M1nor uses of exfol\ated verm\cul\te 1nsulat1on are 'n the pack\ng of 
chem\tals to prevent leakage \n trans,t. and \n the d\sposal of 
rad\oacttve waste, especially nuclear pharmaceuticals. 

Unexfo11ated verm\c•1lHe is used tn iron and steel foundr1es to 
insulate not \ngots. 

(3) Agr\culture and hort\cu1ture (JRB 1952). Verm\cul\te \s used as 
a carder for agncultural chemka ls and ira !)lant growth med\a. 

Verm\cu1\te 1~ probably no longer used ~n the u.s. a: a carr\er for 
co11111erc1a1 pest1c1des and aiJricultu;al fertntzers. ~owever, H ts stt.ll 



a common 1ngred1ent 1n lawn and garden fert111zers used by gardeners and 
groundskeroers. landscapers. nurserymen. and homeowners. About 
three-fourths of these mixtures are formulated at the exfol\at1ng plant. 

Verm1cu11te 1s also commonly used 1n gro~1ng med1a. Half of the 
verm1cu11te so used 1s formulated by the distributor 1nto so11 and 
so11less prem1xes; of th1s. 75 percent 1s sh1pped to greenhouses and the 
rest retailed ·to the consumer. ihe other half 1s bagged as 1s and 
sh1pped from the exfol\ator to the d1str1butor as •horticultural grade• 
verm1cu11te. It 1s probably not rebagged. It 1s used ma1nly as a mulch 
and so11 cond1t1oner. for hydroponics. and for pack\ng bulbs and seeds 
for transportat1on. Of th1s horticultural grade sold, 50 percent 1s sold to landscapers. 30 percent to greenhou~es. 15 percent to nursery and 
garden centers. and 5 percent to re~11 consumers (JRB 1982). 

Verm1cu11te has m1nor agricultural uses 1n 11vestock feed, hatchery and poultry 11tter, .and seed encapsulation. Few persons are expected to 
be exposed v1a these uses. 

( 4) Reta11 CJRB 1982). Verm1cu1 1te has a number of consurr,er uses. 
and may be offered for sale 1n v\rtuatly any k1nd of store that sells 
merchandi~e for the home. It 1s also used in window displays. 

(S) Castab1e refractor1es and f'rebr1cks CJRB 1982). Verm\culite 
has refractory uses 'n alum\n~m and ferrous metal foundries as a 
comp~nent of_mold\~g sands and 1nsulat1ng ceme~ts and for other uses. verm1cul1te-conta1n:ng f1rebr1c~s are used in high temperature furnaces 
and 1n other app11cat1ons as 11sted 1n Table 17. 

(6) M1nor use~ (JRB 1982). Unexfol\ated vermiculite has a minor use 
as a compo~ent of fire-resistant gyp~~ wallboard. Small amounts of 
exfol\ated verm1cu11te are used as follows: 

o As a filler and extender \n pa,nt, enamel, 1nk, plastics, and 
rubber. 

o As f1reproof1ng 1r. paper. fabrics, and plywood. 

0 As a· f11trat1on a\d 1n wastewater treat~ent, a1r purif1cat1on 1n 
uran~~ m1nes, and o11 sp)ll ciean-up at shores and beaches. 

o In o11 well dr~ll\ng muds. 

o As an anti-splatter agent 1n weld\"g. 

o As art1f1c1al dust and fireplace ashes 1n the motion picture 
1ndustry. 
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7.2 Consumer Populat1ons 

7.2.1 Att1c Insulat1on 

All loose-flll att1c insulation is presumed to be ,nstalled by 

homeowners themselves (JRB 1982}. However, no data are avatlable on 

consumer exposure from th\s source. In order to est1mate the n~er of 

houses conta\n,ng such tnsulation, 1t w'll be aslcmed that verm~cultte· 

has been used 1n att1cs for ten years. Oata fr~ the 8ureau of H\nes 

(1973- 1980) 1nd1cate that a total of 476,000 tons of loose-f1ll 

verm\cuHte 1nsulat1on were produced 1n the n1ne-year pertod end1ng \n 

1980. By extrapolat1on, 1t may be assumed that 529.000 tons (480 m1111on 

kg) have been produced 1n the past ten yemrs. All loose-f111 1nsulat1cn 

1s installed \n att\cs (JRB 1982). If an average of 510 kg of 

venm1cul1te 1s 1nstalle~ per att1c (JRB 1982). th!n about 940,000 houses 

currently conta1n loose-f\11 Yerm1cul1te 1nsulat\oh. Assum1ng that two 

.persons work at iMtal11nq 1nsul~t1on 1n one att1c. then 188.000 persons 

are so exS)osed per year. If the average Anler1can household includes 2.73 

persons (Bureau of the Census 1962), there are about 2.6.m\111on people 

11v\ng 1n dwell1ngs conta,n1ng verm1cu11te att1c \nsulat\on. 

The abov~ f\gures are based on the assumption that vermic~11te 

1nsulat1on t.'U been ~nstalled only dur1ng the past ten years. lt 1s 

possible that the 'nsulat1on has been use~ for a longer per1od of t\me 

but no confhmat1on was ava1lab1e. 

7.2.2 lawn and Garden· fert111zers 

Market research (SHRB 1980) 1nd1cate~ that 33.8 percent of the u.s. 

populat1on buys lawn and garden fert\iizers each year (74.4 t\\1Hon · 

persons based on 1980 populat1on figures). The percentage of lawn 

fert111zers conta1n1ng verm1cul\te ,s not known. Ortho and O.M. scott 

are known to prod~ce fert111zers conta1n\ng verm\eu11te. Estech General 

has reported that verm\cu11te was removed from the1r Vigoro product l1ne 

a few years ago (JR8 lg82). Approx1mately 32 m\l11on households ~ept 

gardens 1n 1976 and 1977 (USEP~ 1980b). !t mar be assumed that 

fert\1\zer is used \n all gardens. bijt aqa1n 1t \s not known what 

proport1on of garden fert111zers eonta1n verm\cul1te. . 

7.2.3 ~ouseplants 

The number of Amer1cans who own at least one house~lant 1s not known 

but probably \ncludes th~ vast major1ty of the populat1on. The · 

percentage of houseplant pott1ng soils that conta\n verm\cul1te \s not · 

known. The majority of houseplant owners probably buy plants that are 

already potted and keep them 1ndef~~1te1y w1thout repott\ng. If the so\1 

does conta1n vermtcu11te. tt 1s probably kept fa\rly moht. 1s rarely {if 

77 



ever) d1sturbed, and would therefore not be a s\gn\ficant source of potent1al exposure. ~ small fraction of houseplant owners are hobbyists 
who buy s1gnificant quantities of prem\xed so11 or who mix the1r own so11, often using bagged horttcultura1 vermiculite. They would be exposed to ven~icu11te dur\ng m\x\ng and repott1ng. Persons who culthate succulents or who frequently root cuttings would use the most verm1cu11te. Market research (SHRB 1980) indicates that 46.6 m1111on people purchase house plant food or ferti11zer annually. This might be considered an upper .11m1t for exposure to potting· so\ls. 

There are at least 3.000 owners of hobby greenhouses (Encyclopedia of 
Assoctattons 1981) whose exposure to ver~1cul1te should be comparable to that of greenhouse employees occupationally exposed. 
7.2.4 other Minor Uses 

(1) Kitty L1tter. Most 11tter box 1\ners for house cats contatn clay m\nerals; proba~ly fewer than half contain vermiculite. About 15 m1111on people own cats, 51~ of whom use cat box filler (SMRB 1980). Assum1ng ~alf cf those consumers buy the vermtcu11te-conta\ntng product, the total exrosed population would be about 3.8. mUl\on. 
(2) · Barbecue bases. Verm1cu11te 1s sold 1n bags ·to owners of home barbecue gr111s. The verm1cu11ie 1s used to retain and reflect heat and 

·to absorb grease and dr1pp1ngs. There \s no data on the nvmber of persons who barbecue outdoors. However, since barbecuing 1s a suburban 
pasttme and requires a certa1n m\n\mum of yard space, the barbecu\ng population is probably roughly comparable to the populat1cn of persons who buy lawn and garden ferttltzers. This is apparently taken for granted by the d\str\butors of the product, who usually recommend that the used. greasy vermicultte be packed around shrubs as mulch. 7.3 ~~P.ulat1ons Exposed to Asbestos-contaminated Vermtculite in the Ambtent Environment 

Persons 1\v1ng near mines. m\lls. and exfo11at1on plants are exposed to asbestos f1bers emitted from baghouses and other control devices, as 
well as uncontrolled f1ber em\ss1ons. Sect\on 5 discussed the transport 
of these f1bers from exfo11at1on sHes; a was seen that the f\bers were 
widely d1spersed w1th\n the 50 km rad\us addressed by ATM, affecting all those 11v1nq wHh1n the area •. 

The four American vermtcul1te mines are found at three s1tes: Libby, 
·Montana; Enoree, South Carol1na (two mines): and Lou1sa, V1rg\n1a. The 
est1ma.ted 1980 popu1at1on of these three towns 1s 4,680 persons (Bureau of census 1961), all of whom could experience ambient exposure to asbesto~ f1bers from m1n\n9 and m1lling operat1on em\ss\ons. 



There are 52 exfol\at\on p1ants 1n 41 c\t\es w\th\n the U.S. (JRB 
1982). The 1nnabttants of these c1t1es are exposed to var\ous levels of 
asbestos fibers. St. Louts was chose~ as a representat\v! s\te and was 
used \n the ATM-SECPOP model (see Section 6.4.1) est\mat\ng amb\ent 
exposure from exfoliat\on. In the ATM-SECPOP results. all persons within so km were exposed to sGme asbestos. For the purposes of th\s exposure 
assessment, 1t was not poss1ble to count the populations w1th\n 50 ~ of 
each stte accurately. Instead, 1980 Census data (Bureau of Census 1981) 
were obtatned for most of the 41 c1t1es. Tab,e 18 1\sts these data. The 
total number of persons amb1ently exposed to asbestos from vermic~l\te 
exfol1at1on 1s est\mated to be 13,147,496. Section 8 w\ll d\scuss the 
level to which each subpopulatton wtthtn that total ts exposed. 

The procedure used to estimate th\s population ts l1m\ted, and the 
figures obta\ned must be cons1dered approxtmat\ons. The limitations 
'nclude: 

.- Data were unava11abte for three s1tes: Beltsv111e MD; Kearney. 
SC; and Enoree. sc. Haps 1nd\cate that-these are small towns. A 
populat,on of 1,000 was assumed for each. 

• It was not poss1ble. w\th,n the scope and ;esources of th\s study. 
to determine the exfol\at~on plants• actual locat\ons, to see 
whether nearby towns m1ght be affected. 

• It was assumed that the total reported poputat1on within a town 
would be exposed to some e~tent. ATH results 1nd1cate that fibers 
are d\spersed to a 50 km rad\us. and it is un11kely that ~ny city 
enumerated by the Census would exceed those bounds. 

• It was as~umed that asbestos 1s present as a co~tam1nant 1n the 
verm\cu11te processed at all of the exfoliation plants. Actually. 
some verm\cu11te 1s not contam\nated with asbestos. 

It is not possible to determine the nu1lber of persons exposed to 
asbestos from verm1cul1te transport or ~\sposal; \n many cases they woul~ 
be the same persons exposed v\a m\n\ng, m1ll1ng, or exfoliat1on, s'nce 
d\sposal and transport would be local\zed around these 1ndustr1al sites. 

No s1gn\f1cant amb\ent exposure v'a water or land wou1d be expected. 
Sect\on 5, summar'z~ng the fate and transport of asbestos f1bers and 
exposure pathwJys, shows that water and land are not '~~ortant sources of 
exposure to asbestos from verm,cu11te. 
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Table 18. Sl'tes of Exfollatlon Plants and Populatlons !"oter!tlally EJCI)osed 

~~~Y 1980 Population 
~------------------------~~~~~~---

St. Louis, MOll 

Cleveland, OH 

Mnneapolls, Itt' 
Beaver Falls, PA 

Irondale, AL 
Phoenix, AZ 
N. ll't'tle Rock, AR 
Newark, CA. 
Sa n1'a An 11, CA 
Denver, COD 
Po•par.o Seacll, FL 
Ja=ksonvll le, FL 
Taapa, FL" 
Ves~ Chicago, IL 
Newporf', ICY 
New Orleans. LA 
Bet'tsvf lie, M) 

Easthaapton, NA <Town, Hamps~lre Co.) 
Dear~ort\, Ml 

Oast:a, NE 
Trenton, NJ 
Weedsport, NY (VIIIagel 
High Point, NC 
Oklahoma Cl~y. OK 
Portlend, OR 
Now Castle, PA 
Kear"ey, SC 
Travellers A:tst, SC 

Nashville, TN (N~shvll le-Davldsorl) 

San An-tonio, TX 
Oaf las, TX 
Mllwaulcee, VI 
Girard, ll 
Kenosha, ~I 

Dekel b, IL 
Enoree, SC 
Grea-t Fells, MT 

Minot, NO 
Metuc~en, NJ (Borough) 
Marysville, OH 

PI n e B I u ff, AR 

H?nolulu, HI 
Salt Lake Cl~y. CT 
Houston, TX 
Wellsville, KS 
KllllSIIS City, I{;> 

L·oulse, "(A (Town? 

ITvo ol&n~s opera~e within thl~ ·efty · 

·~3.085 

573,822 
370 951 

12,525 
6,521 

764,911 
64,419 
32,126 

203,713 
491,396 
52,618 

540,898 
2" .523 

12,550 
21,587 

557,482 
1 .ooob 

15,580 
90 660 

311,681 
92,124 

'· 952 
64,107 

403,2 t 3 

366,:583 
:5:3.621 
1. ooob 
J.Ot7 

45~.65t 

785, 4l 0 
904,078 
636,?12 

2.246 
77.685 
33.099 
t. ooob 

56.725 
32,343 
I 3, 76 2 
7,414. 

56,576 
762,874 
163,1)33 

t,'59:,oes 
I • :563 

161,087 
932 

bNo date were available; '1 populati.Jn o1.t,COO Is essu"le:l •. 

Sourees: ..RB 1962, &~reau of Cenos.zs 1 \idl. 
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8. INTEGRATED EXPOSURE ANALYSIS 

This 1ntegrated exposure analysis comb\nes the est1mat1on of env1ronmental concentrat1ons w1th the \dent1f1cat1on of locat1ons and hab\ts of the exposed populations to yield exposure profiles. Section 8.1 1dent1f1es the exposed populat1ons. addresses the pathways leading to exposure. and calculates 'nd1v1dual exposure for subpopulat\ons. Subsections w~th\n 8.1 deal with each exposure scenar~o and w1th a prof11e of •worst plausible case• expo~ure. Sect1on 8.2 is·a qua11tat1ve .assessment of the uncertainties and 11m1tat1ons inherent \n the exposure analysis. 

8.1 Exposu~e Profiles and Calculations 

8.1.1 Occupat1onal Expo~ure 

Occupat1onal exposure occurs dur1ng the m1n1ng and benenc1at1on, exfo1\at\on, transport. and use of verm\cu11te. The following sect\ons deal w1th each maJor step in the flow t~rough commerce. 

(1) M1ners and M\llers of Ver~1cul1te. M\n\ng and benef1c1at,on of verm\cu11te are performed at four s1tes employ1ng a total of approx\mately 500 persons. It \s estimated that half of that total are cler\cal, manager,al, and adm1nistrat1ve personnel not com\ng \n frequent contact w\th the processes and subsequ~nt releases (Huns\cker and SHten!'1eld 1979). Actual production workers (or operathes) are exposed to levels ranging from less thar. 0.01 to 9.7 f1bers/cc (see Table 11). 
~able 19 d\splays the 1nhalat1on exposure calculat\ons for asbestos-contaminated verm,cul\te. As explained \n Sect\on 5.2. 1nhalat\on 1s assumed to be the only s1gn\f1cant reate of asbestos exposure from verm\cul\te. Min1ng and milling releases may lead to an exposure level of as much as 9.7 flee in worker subpopulations. Th\s assumes that all f\bers are resp\rable; \t has been shown tha~ tMs is not true (T\mbrell 1965}, but f\ber s\ze data necessary to factor 1n the resp1rable fraction of fibers were not ava1la~le •. 

(2) Exfo11ators of Verm1cu1He. Exfol1at1on of vermlcuHt& 1~ads to atmospher\c emtss1ons from process equtpment and dur1ng hand11ng. Uncontrolled em1ss\ons to the a\r w1t~1n an exfol1at1on ,lant may lead to occupat1onal exposure, wh11e process vents to tha outside lead to exp?sure v\a ambient a\r. 

The actual number·of persons exposed 1n the w~r~p1ace to asbestos from exfol\at1on 1s not known; estimates range frorn 1.694 to 1,979 employees at 52 plants. F1ber levels wtth,n the exfol,at\on area vary between nondetectabl~ and 0.38 flee. · 
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{3) Transporters of Vermiculite. The number of per~~ns 'nvolved 1n 
.transportat1on of verm~cu11te 1s unknown: accord1ng to the NJt1onal . 
Occupat1ona1 Hazard Survey (NOHS 1980), 129 drivers and 108 ratl workers 
are exposed to .asbestos from verm1cul,te transport (Table 19). It 1s 
probable that a large number of workers handling verm·1cul ite 1n transport 
are unaccounted for. 

Exposure during transrort may be s1gn1f1cant. Based upon personnel 
samples taken at one m1ne. truck drivers may be exposed to 0.3 flee. 
Ra11 workers are potent1a11y exposed to h1gh ftber counts resulting from 
the transfer of benef1c1ated verm1cul1te from railroad cars tG 
exfoliation fac111t1es. Area samples have been taken in warehouses 1n 
wh1ch workers handle .the exfo11ated prod.rct. No asbestos was detected. 
but 1t 1s 11kely that accidental spills occur w1th some regularity and 
can lead to exposure dur1ng cleanup operations. 

(4) Commerc1al and Industrial Users. Th\s population includes 
formulators of consumer products and t~sers of exfo11ated and unexfol\ated 
verm\cultte. Few data are ava11ab1e to quanttfy asbestos exposures 
w1th\n th1s group. Parts I.D. and I.E. of Table 19 present the ava\1able 
dat~. In some cases, product formulation data were comb1ned w1th 
exfo11at1on data and the same figures were used for b•>th worker 
subpopulat~ons. Thh was the case for producers of 11ghtwe1ght 
aggregates, verm\cu11te 1nsu1at\on, and agricultural and hort1cultural 
products. 

Table 20 lists the occupat\onal subpopulat\ons for which no data were 
ava1lable, and makes a qua11tat\ve statement of potent1Al exposure. 

8.1.2 Consumer Exposure 

Consumer exposure has been ralculated for three types of products: 
verm1cu11te 1oose-f~ll attic 1nsulat1on, lawn c!re products, and garden 
fert111zer. The other ccnsumer uses of venm1cul1te are not expected to 
lead to h1gh asbestos exposure, s1nce population and releases are small. 

(1) Consumer Insta~lat1on of i.oose-f111 Vermiculite Insulation. ·It 
has been est1mated that the att1cs 1n 940,000 homes have been 1nsulated 
w1th verm1cu11te 1n the last ten years (see Sect1on 7.2.1). At the rate 
of 94,000 homes per year, and assum\ng that the jcb requtres two people,· 
approx1mate1y 188,000 consumers are exposed each year. 

Asbestos concentrat1ons 1n an av~rage attic are estimated in Section 
6.4·. The average exposure level 1s 6,800 pg/m3 for the 8-hour 
per,od. assuming that the verrn\cul1te contains 1 percent asbestos. 
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Populetlon 

1. Occupatlonel 
A. Miners er.d millers 

ot vermlc:ul Jte 

B. lm~'rters and 
e)(port .. ~s of 
vermlcullh• 

c. Exfollators of 
ver·mlcull te 

D. . Usors of un8K­
folla1od vormlcullte 

1. Steo I 110r kers 
2. Monufacturers of 

gypsum wallboard 

(a) Wholesale/ 
r·eta: trll(fars 
of gypsum wol !­
board 

(b) Instal lor.s of 
wollbOdrfS 

Table 19. Summary of Inhalation E~~sure to Asbestos In Vermiculite 

Numbor of 
~rsons 

exposcda 

-250 

unknown 

1.694-
1,979 

919 
·unknown 

unknown 

Exposure 
1eveJb 

t/ec J.Jg/m3 

Nl-9.7 

unknown 

~- 0.38 

unknown 
unl<.nown 

unhnown 

unknolt'll. 

Ouratfone 

(hrs/wkJ 

4J.o 

41o5 

Ccmm&nts 

Number of persons 
exposed estimated 
as one-half total 

·employment, 



Populo lion 

Number of 
persons 
exposed" 

E. Users of eKfollated 
":Grmlcullte 

1· Producers of 
lightweight . 
11ggrogatos 

( 11 I llsers of 
. plasters, con­

cretes, and 

see J,c, 

G<)grO•}' tos con­
tolnlng vormlcullto 

.. ... 

(b) Wholosa to/ro­
ta. II trlir.l!trs of 
llghtwol!jht 
t'I!J!Jrft!J<ltos 

f'roduc:eri; of 
vnrrn I cu II tB 

I nsu IIJt I on 

(al US<Jrs of 11or"'l-

unknown 

soo I •C• 

298. 

cull to for loose-
fill, block-fill, 
and p5ckl ng 

(b) Wh., losale/re• unknovn 

t.11 I I tr~tdors of 
verJR I cu II to 

I r.stll11tlon 

Table 19. (continued) 

EICf'OSire 

Jevetb 
flee \.lg/m3 

unknown 

unknown 

110·0.30 

&,800 

unknown 

Ourotlonc 
(hrs/wk1 

41 ·' 

36.9 

Comttoents 

Assumas thctt oggreqates 
produced at eKfolletlon 
site• &1!-ed upon most 
recent data. 

AS$UIII8S that l~t~l~tlon 
produced at oM • ...,tlatlon 
stt.-. n..s Jd upon most 
recer. t drt te. 

f\'11ed on projected 
tevols encountered In 
11ttlc I r.sulot ton. 



PopulatJon 

Numbor' of 
persons 
expose~ 

3. Producers of agrl- unknown 
cultural and hart 1-
cultural products 
containing vermiculite 

(a) Users of agrl• >1,136 
cultural/hortJ­
cuUaral p-oducts 
containing vermi­
CIIIIte 

(b) Wilolesole/ 
retell treders 

unknown 

of agricultural/ 
horticultural 
p-oducts con­
taining vermiculite 

4. Producers of. minor 
vt~rmlcutlte--con- · 
tolnlng products 

Co) Producers and 
u~ers of vormr:.. 
cu II to fll ters 
for poll ut Jon 
con1rol 

(b) Pn!ducors 4nd 

usors of of l­
wei I drilling 
mu<ls 

unknown 

UAI<IIOWI\ 

Table 19. (continued) 

Elcposure 
1eve1b 

t/cc lJg/m3 

N0-0.38 

unknown 

unknown 

unknown 

unkrtown 

DuratJonc 
(hrs/wk) 

.u.e 

32.7 

Cocmlents 

Based on OSHA l919 .,.d 
flU 1982. 



Table 19. (continued) 

Numoer of f>eposure 
persons teiletb OuratlonC 

Population expose~ f/cc \Jg/m3 (hrs/wk) Comments 

(c) F'roducera and unlmo•m unl<.nown 
users of art 1-
flclal dust 
end tlroploc:e 
OShel 

(d, Producers and unllnown unknown 
users of refrac-
torlos and fire-
bricks 

~ (o) Producers and unknown unknown 
users of mls-

collan•ous 
vermiculite-
,::ontelnlng 
products 

!l. Tronsporturs of 
vormlcullto 
(e) Trur.k drlveri 129 <0.01-0.3 39.9 
(b) Ship end dock· unknOttn u11known 

11orkers 
Cc) It;) II wnrlutrt lOB unknown 39.9 

(d) Warohousomdn unkno~o~'l 0 3~.9 

II. Transportatl~ end stN"ege un .. .nown unknown 
spill& 



Population 

Ill. Consumars 

A. Homoowners Insulating 
ottlcs with loose-fill 
vomlcullto 

e. Users of lawn end 
gar~en fertilizers 
(I) lawn application 
(2) gordon appl lcatlon 

c. Users of houseplant 
(X' ·potting soli with ...., 

vermiculite 

o. Usors of wrmlcullto-
basod kitty litter 

E. Usor~ of vormlcullto 
In barbecue grll Is 

IV. Dlspusnl 

v. Food 

VI, Drinking water 

Numb.Jr of 
persons 
exposecf4 

188,000 

<74,400,000 
<32,000,000 

>3000 

<3,000,000 

<74,400,000 

unknown 

unknown 

unknown 

T•ble 19. (continued) 

Exposure 
levelb 

t/cc Jlg/,.l 

6,800 

unl<llo11n 

unknown 

unkno..n 

,..nknown 

unllnown 

unknown 

Ouratlonc 
(hrl/wk) 

8 

4 

I 

eon-nts 

n .. ..,...,.,,J,..tod over"?• 
conce~1ratlon estf~t•~ 

Ont'-4 lmo 8··tu· ex,-osuro. 

T!mo-welght~ everege 
concentrot I on fO""t lrr.ate: 
oflce year I~ oxr-ta•lres. 



VII, llmbtent 

A. Air 

1. r·tH'Sons near ml nos 
end mH Is 

2. f>Ar $0 ns n ~'tor all'" 
foil at I on sItes 

}, Persons ne11r users 
of \'111"1111 cu II te 

B. W~t1ur 

c. Lond 

------

Number of 
per SOliS 

ox posed' 

4,680 

,,,90, 
Ill, 7'4 

30S,022 

',51},271 

2,908,.:26 

,,0,8,~6 

4,~0:5,006 

Ul,MO 

unknown 

unknown 

unkno"n 

T4b le 19. (continuf<l) 

Expos..-e 
levelb 

f/cc lla/•l 

NO-o,, 

t.acto-2-
2.5Kio-2 
,,o.cto·>-
I.OKI0-2 
2.51Cio->-
,,OKI0-3 
l.tiiCI0-3-
2.,xlo->-
5.lbc eo-4-
1.01110-3 
2.51Cio-4-
5.0KI0-4 
1.o.c eo-4-
~.')Kio-4 
'},01110·'-
1,0KI0•4 

unkrlown 

unknown 

unmown 

Ouratlon° 
(hrs/wkt 

168 

1158 

166 

168 

lf88 

168 

168 

168 

1118 

-Conln!Gnts 

Derived fr<111 AlM• 
SECPOP and Bunou 
of Census dllta, 



Footnotes for Table 19 

8 Number of porsoM exposed taken fr0111 Tablel1 unless otherwise speefffed In "canments" column. 

br•o attlllllpt was made 1o convert ~nits of ~tsbesfos measurement, units aro os reported In prf11111ry aource. Monftorhog data are from Tllbl'l I I and lllQdollng estflllc)tes are explained In Section 6.4. 

cAmblent exposure dtrat lon was set at 168 hours per week; data do not Wf!rrant eppl feat Jon of mobf llty patterns or other refine• ments. Occupational GKposuro durations based upon averoge work week for Industry ·sectors (BLS 1980). 



Table 20. Oc:C\Opatlcnel Subpopuletlons: Exposure Potential 

Population 

Importers and e)(I)Orters 
of wnnlccllte 

Manufacturers and .. •sers ot 
gypsum wa I I boon! 

Users of llgh'hfelght 
aggr.eg!tes 

Producers and users of 
minor products 

Users ~f.block-flll 
1 ns u ra;·ton 

Wholesale/retail traders 
of vennlcuiJTe products 

Potential for exposure 

Exposw-e 11"4Y be canparable to levels 
encountered. by transportat !on workers. 

Uses wtexfo !rated Yernlcu lite. Fabrica­
tion steps and Installation may have 
at.ospherlc emissions and resultant 
ex;os~r.,. 

Exposu.·s 11"4Y occur during dry mixing; If 
ou10oors. fibers will be diluted. 

Exposw-e Is h lghly product-speclf lc; 
high exposure with artificial dusts; 
low exposure expected fran refractories, 
drilling muds, filters. 

wo:•xers filling blocks 111ay be exposed tt. 
high levels ot asbestos. 

Exposure Is produet-speclf le; most 
products are bagged or o1'herwl se bound. 
Exposure rs unlikely 1'o be significant. 



Once 1n place. vermiculite attic 'nsulat1on would probab~~ not lead to subsequent consumer exposure. The type of attic in which vermiculite is used is ord\nar\ly isolated from the rest of the home and is not. regularly entered. 
· 

(2) Consumer Use of Garden Fert111zer. As seen in Section 6.4, asbestos levels can be estimated to reach 57 pg/m3 during application of garden fert\1\zer; a t\rne-we\ghted average of 28 pg/ml represents the mean exposure level. lt is assumed that \t takes one hour to ferti11ze the average garden and that \t 1s done once yearly. The . verm1cul1te 1n the fertilizer 1s assumed to conta\o 1 percent asbestos. 
The proportion of garden fert\1\zers conta\nialJ v~rmicuHte and the proportion of contaminated mineral are unknown, but \t 1s known that 32 million households .had gardens in 1976 and 1977 (USEPA l980b). If each gardener uses asbestos-contaminated verm1cu11te-based fert111zer, then , approximately 32 m\111on ~ersons are exposed to 28 ~g/m3 asbestos · · during fertilizer use. 

{3) Consumer Use of Lawn Care Products. This worst-case exposure scenario is based upon the •box model• estimated concentrations developed 1n Sect\on 6.4. Each consumer m\~ht breathe a time-weighted asbestos concentrat1on .of 4.4 ll91m3. for four hours once yearly.l The -verm\cu11te 1n the product is assumed to contain 1 percent asbestos. 
Approx~~te1y 74.4 million Amer1cans buy lawn and garden fertilizers each year. Aga1n, the percentage buy1ng asbestos-containing verm1cul1te products is unknown. · 

8.1.3 Ambient Exposure 

Ambient exposu~e to asbestos from verm1cu11te 1s assumed to arise from two types of point sources: m1nes and exfoliation plants. This exposure 1s v1a releases 'nto ambient a1r; water and land are not s1gn\f1cant exposure media (see Section 5.2). 
(1) Ambient Exposure Near Mines and M111s. A total of about 4,680 persons live in the three towns w1th vermiculite mines. A11 are probably exposed to asbestos fibers fro~ controlled and uncontrolled emissions. Monitoring data collected at points around m\nes and mills indicate t~at levels of asbestos range from undetected to 0.5 fibers/cc. A full-time · resident could be exposed to th\s level 24 hours per day. The respi~able fraction of this level has not been determined. No further data are available to characterize ambient exposure around mines and mills. 
(2) Ambient Exposure ~ear Exfoi1at1on Plants. The ATH-SECPOP results presented in Section 6.4 are the bas1s for this analysis of 
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exposure near exfo11at1on sites. Bureau of Census (1981) data were used to estimate the total population affected. 
ATM-SECPOP calculates levels and counts persons w1thin a 50 Km radius of a poinL ~o~rc~. As stated in the Populations section, enumeration of populations 1s more ac:urate with a 15 km radius. so the ATM data were reduced to the 15 km level. An exposure distribution was prepared from the St. Lou1s ATM-SECPOP output. Th1s exposure a1str1but1on was then app11ed.to the total U.S. population near exfol,ation fac111t1es to yield the 1nformat1on presented 1n Table 19. 

As in the previous ambient exposure exal"'.ple, 1t was assumed that exposure was continuous. A maximum exposure level of J.025 pg/m3 was calculated. It should be noted that St. Louis SECPOP data 1nd1cate that there were residences w1th1n 1 km of the s1te and thdt exposure to those 1nd1v1duals was high. Other exfo11at1on sites may be farther .removed from residenthl areils, although they are g1ve;a city addresses. Exposure estimates may t.,erefGre be somewhat biased tc:.-ard the higher end, but these calculations present a plausible worst-ctie s1tuat1on. 
8.1.4 Other Exposure Scenarios 

Some exposure to asbestos assvc1ated with venm1cul1te occurs through the other exposure scenarios, but it 1s e~pected to be low 1n comparison to the three scenarios d1scussed above. 
Spills from transporat1on and storage are negligible, although there are dust losses during loading and unloading of trucks, ra11roao cars. and barges (JRB 1982). Exposure to the general population to as~estos from loading and unloading 1s probab1)" very small because of the relatively low release rates: expos~re to the transportation ~orker~ dur~ng loading and unloading 1s considereo to be an occupat1onal exposure and 1s discussed in Section 8.1.1 above. 
Disposal scenarios relevant to vermiculite include landf1111ng cf so11d wastes from mining, benefic1at1Jn, exfoliation, and processing; ·discarded ~nd products may also be landfilled (JRB 1982). Releases of vermicu11te and asbestos from landf111s are thought to be neglig 1 ~le. wastewater from mining, benef1c1at1on, and exfo11ation 1s recycled, and only minor amounts of 'lerm1cu11te and asbestos are released from water treatment operations at permanent vermiculite concrete plants (JRB 1982). Because water 1s not thought to be a s1gnif1cant exposure medium for asbestos from vErm1cu11te, and because the aqueous releases of vermiculite and asl:estos are 1ns1gn1f1cant compared to a1r releases covered \n the occl!pat1onal, consumer, and ambient scenarios, th1s exposure pathway ts considered to be neg11g1ble. 
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As d\scussed 1n Sect1on 5.2.2, asbestos 1s not expected to be 
b1oaccumulated; therefore. food 1s not considered to be an appl\cable 
exposure scenar\o. 

Dr\nk1~g water could conta1n asbestos from waterborne releases from 
verm1cu11te processing and use. Releases to water from all sources are 
considered to be negl1g1b1e (JRB 1982). r~te processes do, however, 
result 1rt some \ntermed\a transfer of asbestos from the atmospheric and 
land env1ronments to surface water. The available data are 1nadeauate to 
support a quant1tat1ve estimate of exposure from 1nggst1on of dr1nk1ng 
water, but 1t is considered unlikely thdt th1s ~xposure route \s 
s\gn1f1cant compared to the occupational, consumer, or amb\ent exposures 
d1scusseo above. 

8.1.5 Integrated Worst-case Exposure Scenario 

. The geograph1c d1str1but1on of verm1cul1te po1nt sources and the 
w1despread use of some verm1cul1te products 1nd1cate t~at 1nd1v1dual 
exposure may come from numerous sources. Th1s fac1l,tates the creat\on 
of a plaus1bie worst-case scenar,o, with a summat1on of exposure from 
occupation. consumer products. and contam\nated amb1ent a1r. 
Unfortunately, asbestos data are reported 1n riHferent units that cannot 
be val1dly compared. 

The •worst-case• 1nd\v\dual's exposure sources and concentrat\ons are 
listed \n Table 21; no attempt's made to sum these 1nha1at1on exposures, 
although relat\ve contr1but1oos from different sources are ap~drent. 

The 1nd1v1dual wor((s \n an exfol1at1on plant. and lives ~n the city 
where the plant 1s located. He uses verrn1culate-based lawn and garden 
fert\1\zers, and has 1nsu1ated h\s attic w\th loose-f\11 verm1cu11te. 

8.2 Uncertainty of Ana1Ys1s 

Assumpt1cns and 11m1tat\~ns to the d:ta are d1scussed 1n deta11 
throughout the report. Major 11m1tat1ons are 1\sted below: 

• The va11d1ty of the mon1tor1n9 data 1s unclear. 0\fferent · 
analyt1ca1 techn1ques used by the EPA contractors may have 
affected the results reported \n Sect\on 6 by as much as an order 
of magn1tude. OSHA mon1tor,ng datd cannot be adequately analyzed 
because ,nformat1on on analyt\cal techn\ques 1s lack\ng. 

• The results of ATM-SECPOP are based on numerous assumpt-Ions h the 
1nput data. Extrapolation of those results to all exfol\at1on 
s\tes prov1des a crude approx1~~t1on of exposure. The consumer 
exposure models are also based on assuMpt\ons and are clearly 
des1gned to be worst-case exposure analyses. 
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Table 21. lit>rst-c2se lndlvlctr.sl Exposure Level Profile 

Source of exposure Exposure levef8 

Working In en exfoliation 

plant 2,~0 hours yearly 

Living. In city with exfoliation 

plant a, 736 hours yearly 

R!l"tfllzfng garden once yearly 

for one hour 

~fllzlng lawn o~ce yearly 

for four hours 

lr.suletfng etttc for 8 hours 

once tn lifetime 

a El(posure level~ from Teble :J9. 
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• Population data were sparse; data for all populations are 
esttmates. 

• There are no data on asbestos fiber s1ze distributions in a1r 
contaminated with vermiculite releases. Exposure calculat\ons are 
tt!f'refore based on total fibers rather than on the respirable 
~:~ct\on. Similarly, 1t was assumed throughuut the exposure 
assessment that all vermiculite is contaminated by asbestos, 
although some verm\cul\te \s not. The three consumer exposure 
scenarios all assumed ttlat verm\cu11te 1s contaminated WHh 1 
percent asbestos. 

Desp,te +.hese 11m\tat1ons, th\~ exposure assessment provides the best 
data and pred1ct1ons .avaUable. Further study would enhance the · 
usefulness of the.data for regulatory decis1onmak1ng. 
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